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FEE STRUCTURAL ANALYSIS N
. Scope ;

\A The purpose of this anelysis is to document the expected simple
loads on the cold plate through the tie down bolts around the
perimeter of the FEB. Finite element analysis has been performed to !
determine the specific vibration modes and natural frequencies. The
simple static analysis is also repeated when one bolt is missing.
Flange analysis of the baseplate is performed as well] as analysis of
the attachment and cross bracing of the internal modules. )

!

2. Relevant Documents ' ’ ;

.i ]
! 2.1 MSFC-JA-418 2
y
l 2.2 SPAH-RAppendix B 1
2.3 FEB Configuration Drawing 2036-131001.00A Ry
(4
A
2.4 MSFC-JA-595, ATLAS 1, Integrated Payload Reguirements N
s Document, Feb 1987 .
) .
! 2.5 Machine Design Calculations Reference Guide, Tyler G. Hicks, o
; Editor, McGraw-Hill A
v &
’
y 2.6 Fastener Preload., Machine Design, Nov. 13, 1986 ;
"
I Z.7 An Introduction to the Design and Behavior of Bolted Joints, ,
) by John H. Bickford, Marcel Dekker, 1981. g
A 2.8 MIL-HDBK-5D
’ -
A 2.9 STRUCTURAL SAFETY VERIFICATION PLAN, PL 2036-1000 DS/01, 2
' Issue D -
2 .
: 2.10 Structural Analysis for MAS-Sensor Package, N
. TN 2036-1000 DS/09 ;
: c
v 3. Assumptions and input conditions -
)
: 3 1 Rigidity of bottom plate X
]
S X.The underlving coldplate 15 assumed "soft" in that the net /
» moments are assumed centeret¢ around the center of gravity of the FEB 3
2 and the coldplate does not torce any specific moment axis Since all
! perimeter bolts on the 700 mm x 420 mm grid are used, 32 tie down
: bolts are used For the anzlysis of the distribution of quasi-static N
" loads on the tie down bolts the FEB bottom plate will be assumed to “
A be perfectly rigid around its perimeter. The thick-walled outer cover .
- attaches to the FEB with the same bolt pattern, which contributes to 2
; the rig:idity of the outer perimeter of the base plate e
~ [N -
J .
J -
; "
3 R
: ~
) .
y
’ -
’ - ~ - - - - - - -
'\'(*' f\( 2o rN;*' '\r / I f '\"\:" ’f :f .I -'.’: -' '\ ' ~ q'f .r e, 4- I 'm-.f" -
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'3AZ Center of Gravity

As various subsections of the FEB have been received, minor ;
modifications of the internal x-y layout of the subsections on the ’
base plate have been necessary to meintain the center of gravity in
the x-y plane at the center of the coldplate. This analysis uses the
latest estimates of these module positions. The center of gravity
dlong the z axis is 135 mm above the x-y plane. The mass of *he FEB
is assummed to be 60.8 kg.

SR A o ok o g

3.3 Thermal load

The underlying coldplate support structure is expected to be
machined from 6061-Té aluminum as is the FEB bottom plate, so lateral
R-y thermally induced shear stresses are not a problem. Thermally
1nduced axial stresses in the tie down bolts during landing are
considered however. Such analysis typically considers a range {from
room temperature (70°F) during assembly to 150°F during landing.

For this analvsis we will start from the 20° C temperature to a
landing temperature cargo bay temperature of 66°C, for a change of
temperature of 46°C.

It is expected that 10-32 English thread, corrosion resistant
steel (A286) tie down bolts will be used around the perimeter of the
baseplate. Standard handbooks indicate a stress area of 0.020 in
for this size screw.

S

»

5 NS
I h

* iy J

Yy Yy

3 4 Quasi-static/vibrational load {factors

e R

The FEB mounts on the MSFC orthogrid so the expected quasi-static
load factors are:

X Y z

2 EP e S

LIFT-0OFF -3.0/+6.0 -4.0/+4.0 -2.7/+2 .7
LANDING ~-10.0/+10.0 -2.4/+2 .4 -5.9/+2.8

From JA-595 for experiments mounted on the orthogrid coldplate support
structure, the random vibration input to the FEB depends on the axis. o>

o

On the axis normal! to the orthogrid (Z-axis) R
20 Hz - 93 Hz 0.006 gXxx2/Hz L
93 Hz - 200 Hz +9 dB/oct <
200 Hz - 356 Hz 0.06 gxx2/Hz =
356 Hz - 2000 Hz -9 dB/oct -

- 2000 Hz 0 00034 a*XZ/Hz ) pcosssion For -
, . NTIS GRARL y
For axis 1n the plane of the orthogrid, (X and Y axis) DTIC TAB ] >
Unannounced J e
20 Hz - 82 Hz 0.006 g*x2/Hz Tustificat ! (i *
82 Hz - 150 Hz +6 dB/oct USRS
150 Hz - 350 Hz 0.02 gxx2/Hz K¢
350 Hz - 2000 Hz -7 db/oct B*’““".""";"';',""*" r
above 2000 Hz 0.00034 gxxz/Hz | Dietrteutienl )
Availab*;ﬁtv Celee 1
RIS T Avatl nieges 7}
‘ " ) D1st bp-““‘ 3

TOorPY
\_\WSPECTED K +.3
'\*\5‘ /. N $/\ ':
LI--ln‘r"J'*""’m“"'i‘

AT AL TR AT T 0 Y ~$$|r\r\( e ..\ \ \'\I.‘I\. \r 7 J‘_.' if'-v" '\-l' - -v‘ ., .
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4. Overall Analvsis Results b

4.1 Vibrational analysis

As shown in the FEB configurstion drawing, the outer enclosure |
consists of five ribbed plates which are assembled into a rectangular )
box. Preliminary analvsis of the vibration modes of these plates
vielded results which suggested the need for ribs. As can be seen in
the drawing, the top cover has the largest x-y phvsical dimensions and
the widest rib spacing, which produces the greatest vibrational !
compliance. FFT analysis of the forced impulse response of the
completed top cover (clamped to the sides) has found 2 lowest resonant
frequency of 1074 H:z The prime resonances were observed to be at
1562 Hz and 1782 Hz. The side walls and end walls are physicaly
smaller and have narrower rib spacing so their resonant frequencies
will be higher.

s -

PR

.

A finite element analysis has &lso been performed for the
vibrational modes of the bottom mounting plate, using additional
out-of-plane elements to represent internal] substructures. With the
bottom plate simply supported (ignoring any additional stiffness
produced by the coldplate support structure or the side covers), the
lowest natural resonant frequency in each direction has been found.
Animation of the resulting deflections has identified the following
vibration modes. For the first frequency of 216 Hz the filter modules
(the main mass elements) are moving in the Y Jdirection as shown in the

A R PP A b AU

Yolsls

first figure of the appendiz. At the next eigen-frequency, 269 Hz, %.

the filter modules are moving in the z direction, as shown in the i
second figure. For the third eigen-frequency, 341 Hz, the filters are I

moving in the X direction while the synthesizers are moving in the Y {'
direction. >
_'-"

4. 2 Random Vibration Load q;

At the X and Y axis eigen-frequencies, the Power Spectral Density E"

is 0.02Z g*%x2/Hz. At the Z axis eigen-frequecny, the Power Spectral ha!:

Denisty is .06 g%**2/Hz, using the "normal to the orthogrid" values

from JA-595 A
The random vibration load fector (RV) is then calculated by :‘

RV = +/- 3 % Bla g 40 x psg )17 -]
where the amplifcation factor, Q, depends on the damping and 1s f?
z2ecumed tc be 10 KA
X Y z -

RV = +/- 3114 +/- 24.7 @ +/- 47 8 g 2

\s

During lift of{ the quasi-static loead and random vibration load fi
terms add to produce the following combined Joad tactors The random f

load term 1s added one axls at a time as 1ndicated in JA-418, section N
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TN 2036-1310

LOAD

CASE
1 -34.
2 -3.
3 -3.
4 -10.

NR/01 FEB STRUCTURAL ANALYSIS REV H Feb. 1988 Page
X6 YG 26

1/+37.1 -4.0/+4.0 -2.7/+2.7

0/+6.0 ~-28.7/+28.17 ~2.7/+2.7

0/+6.0 -4.0/+4.0 -50.5/+50.5

0/+10.0 ~2.4/+2 .4 -5.9/+2.8 (Landing)

The maximum worst case combination of accelerations for each load case

will be used

For the foll
the calculat
all load cas

4.3 Thermal

The thermal expansion coefficient for Al

owing analysis, load case #1 will be used to illustrate
ions. The margin of safety will then be summarized for

es.

load

stainless stee]l the thermal expansion coefficient is 1.6E-0S.
worst case temperature excursion (room temperature assembly to cargo
is 46°C. The net expected axial strain is

bay landing)

e
net=

(2.36E-05 - 1.6E-05)

¥ 46 = 3.5E-04.

is 2.36E-05 and {or

The

This strain divides between the aluminum flange and the steel bolt
The
bearing surface under the bolt head is due to the flat washer with an

The effective flange area can be
calculated with the design equations of reference 2.5 (Case

according to the relative cross section and E-modulus {for each.

outside diam
117)

App =
+

= 3.14

+

= 0 11

While for the bolt,

10~-32 screw

AB =

AR S,

eter of 0.406 inch.

PI % ¢ Dw2
X
PI *x (D/D,

2
?H Yo

X (0 406° -C :°°.
3 14 % (0.79/0 406
S 1n2 = 74 ¢ mm2

of

”
4

0 020 1n” = 12 9 mnm

P A
.

4

l)l(Dth

~
&

/5+LJ2/100)/8

J

D;=2.06m=-0299¢

-

1)%(0 406 % 0 66/5 + 0 6¢“/100)

e

[

Y

a handbook shows a stress cross section for a
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Also,

EFL = 1 QE+07 psi = 6B .9 GPa

and

EB = 2.91E+07 psi = 201 GPa.

The net strain then divides between the flange and bolt according to

®BOLT = Cnet Rer * EpL

eBOLT = 2.32E-04.
This bolt strain corresponds to a8 bolt axial load of

2.32E-04 * Z01E+09 %x 1 29E-05 = 60Z N

4.4 Coldplate mounting bolt preload

Each bolt will typically be torqued between 2.7 N-m and 3.1 N-m
(section 4.3.1. 3 of the SPAH Appendix B). The minimum cross section
diameter of a8 10-32 screw is

0.1517 inches = 3 85 mm.

From standard handbooks, the expected maximum preload on each bolt is
then

]
F = S x T / D_. -
PRELOAD min ’
= 5 x 3 1 / 3. 85 E-03 = 4026 N s
A more precise calculation considers the minimum expected coefficient 3
of friction with the maximum torque. For 2 10-32 (0.19) screw, and a N
coefficient of friction of 0 0784, an expression for the preload can
be found from the {fiaure c{ reference 2.6 -
Predicting initial
bolt load
5 Grapn anows the correieton K
3 1080 4nc toroue An .,
E E SSEMETe Of DreI0ES On NUTS. DO *
> NG BOCKAT BCTOWS with UNE or UNC N
< ¢ TBaaS & DroVIORd by the (N sDh :
£ E The graoh scoounts 107 1he stiect of
g q TYBAD WX BNGIS. DAR ASSANES Tt
; £ he costhoxents O Incoon Datween
é g MAabNQ MRS S8 e 88Me a3 Tt R
: i ~— neac o "
r S T 0S8 the graDn, semct & nominal -
e ¥ 015 DOR e On 1w NONZONtA) sxm and ”
? . f\‘%‘\k‘uzo 7860 vertcehy 10 1 curve et ,
3 :xcm .\\\\525 m-nm::nmm Then i
E —-\M:'m-:s 0.3 880 NOMIONtaNY 1D NG COMMEbOn -
e factor C . 1o estmane presosc
:’E DSOS MuUtIoty C by the 10rous A00N0 10 .
w—.l! he tasenes N A
1
o A e e e A A T A Iy P T i ]
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: X = X . =
FmaxPRE 1748 T 1748 3.1 5419 N
The same figure can be used to find the relation between torque and
preload for a maximum expected coefficient of friction of 0.1323.
After conversion to metric units, the minimum preload is found to be

= x = =
FminPRE 1134 T 1134 x 2.7 3061 N

4 5 Lift off produced loading, all bolts present

As descibed in section 4.2. four different load cases will be
considered. Load case #]1 will be used to illustrate the calculations
end all load case margins of safety will be summarized

All 32 bolts share the locad due to Z-axis acceleration, the net axrial
loading per bolt is

= X
Fzz mass acg 26 /Nbolts

Fzz = 60.8 kg * 9.81 % 2.7 / 32 = 50.3 N.

The global X-axis 1s along the short axis of the FEB so the conversion
of X-axis acceleration loads through the CG above the mounting plate
1s through a short lever arm. The moment produced by the X-axis
acceleration is

Mx = mass ¥ acg X XG % length from ¢.g.
Mx = 60.8 kg * 9.81 x 37.1 2 0.135 m = 2985 Nm.

This is counterbalanced by the bolts in tension on one side and the
compression against the cold plate on the other side.

Mx= 2 x sz X (11 bolts % a/2 + 2 sides %(1/3 % a/é6 + 2/3% 2a/6)]

where . - je
0 4 n

ath of the short side cof the FLE bolt mounting centers =

F = 2985 / 4 B4 = ole N
ZX
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The globa) Y-arxis 1s z2long the long axis of the FEB. The Y-arxis
acceleration i1nduced moment 1is

MV = 60 8 kg * 9 81 ¥ 4.0 % 0.135 m = 322 Nm.

This 15 counterbalanced by the bolts in tension along one side and
compression against the cold plate on the other side

Foy =}

My = 2 X sz * [7 bolts ¥ b/Z + 2 sides ¥ b (4/5 % 4/10

+ 3/5 % 3/10 + 2/5 » 2/10 + 1/5 % 1/10)]

= 2 % F * b x 4.7,
zy

Where b = 0.7 meter, so

13 = 48 9 N.
zy

Adding the three components (Fzz’ sz, sz) produces a maximum
loading on the one corner bolt "of

F = 715 N.

Zmax
From a calculation similar to that of section 4.4, the minimum torque
preload can be expected to be 3061 N. Thus the bolt will remain in
tension

4 6 Liff of{ produced loading, one bolt missing

I{f cne 0of the corner belts {fal1ls, the total load redistributes
slightly An analysis similar to that of section 4 5 shows that the
next nearest bolt on the short axi1s has a loading of 554 N. The
nearest bolt on the long axis has a loading of 767 N The corner bolt
opposite the missing one has a loading of 717 N. The remaining corner
bolt on the short axis has & loading of 72Z N And the {final corner
bolt on the long side has a loading of 772 N

M A N

LS SN 4

l: bf ‘l..l' L

;7 q e "-l"u ‘.-.',l

g

R T
PPN

.« =
o

o, T
L

P

»
.
[l

g

“'.'n"\q B

' l“ v
)

~
Ny
-



. - PR - . . y
e A N Bl AL L N S AR A A R A N N P A L R e Y M A S WP L S B A Ly

TN 2036-1310 NR/O} FEB STRUCTURAL ANALYSIS REV H Feb. 1988 Page 8
4 7 Landing produced loading, all bolts present

During landing, random vibration loading is not present, but the
quasistatic loads are higher. Also the thermally induced load (602 N,
see section 4.3) must be added to the initial bolt preload. Using the
landing load factors and an analysis similar to that of the above

sectione the worst case bolt loading due to landing vibration is 306
N.

4.8 Landing produced loading, one bolt missing

If one corner bolt fails, the landing loads also redistribute
slightly Further similer analysis shows that the corner bolt along
the same long side suffers the highest loading due to landing
vibrations of 324 N.

4.9 Mounting bolt margin of safety

The maximum Jloading on & mounting bolt is 715 N. Part of this
interface load is absorbed by the {lange and part is absorbed by the
bolt. I1f all of this interface force is assumed acting at the outer
surface of the flange, then the external interface force divides
between the flange and bolt according to a flange or "screw" diagram.
The actual interface force will probably be effective part-way into
the flange., but assuming the external force acts at the outer surface
is the most conservative calculation.

_-Fm_x__--%.é
f}WELo»v
E;T
&
In section ¢ 2 :t was shown that the relative spring constants of the
flange and belt produces & relative division factor of 0.66. Thus the

portion of the extermnal Joad which 1s taken by the bolt is

= X =
FbO]t 0. 34 715 240 N

This should be added tc the marximum bolt pretensicn which occurs for
the maximum torque and minimum triction

F = 240 + 5419 = 5659 N
boltmax

For the AZ286 stainless steel bolts
0;3 = 91 E+03 psy = 627 MPa (ultimate shear stress)
ar = 140 E+03 psi = 965 MPa (ultimete tensile stress)

Following the guidelines of Reterence [ 9., the boclt pretension 1s
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*

f:rst calculated with the minimum friction and maximum torque, as Ny
above Then the margin of safety is calculated with the a safety :
factor of two on only the i1nterface forces only. Y
t
MS —2llowable load M

tu 2+ F -1 {

bolt * Fpre

Mstu = (965 * 12 .9)/(2 % 240 + 5419) - 1 « 1.11

When one bolt is missing, from the above earlier calculations the
maximum interface load is €23 N. Then,

P AL
Bt o b L by

Mstu = (965 % 12.9)/(2 ¥ 0.34 ¥ 772 + 5419) - 1 = 1.10.
Again following reference 2 9, the margin of safety should be also
calculated using an average friction coefficient and with the
application of a 1.4 safety factor to the bolt preload.

B ARAN

Mstu = (965 x 12 .9)/(2Z * 0.34 ¥ 715 + 4454) - 1 = 0.85

While for one bolt missing,

o W

MStu = (965 % 12.9)/(2 % 0.34 % 772 + 1.4 % 4454) - 1 = 0.84
Gapping of the joint under minimum mounting torque and maximum
friction must also be considered. From section 4.4 of this document,
the minimum bolt preload 1s 3061 N. There will also be a relaxation
of the initial bolt preload which i1s estimated to be 20%, which leaves
a4 residual bolt preload of 2449 N. If the flange’s fraction of the
external load were to exceed the minimum prejload, gapping would occur.

A OC LE

XA

MS = 2449 / ( 2 x 0.66 x 715 ) - 1 = 1 6
The shear Joading comes from the X and Y axis directed accelerations.
st = mass X% accel /32 bolts

= 60 8B ka * ¢ 81 *x 37.1 /3Z = 691 N

AL AN Ty e e

Fsv = mass * accel /32 bol}s
= 60 B8 ka * @ 81 %x 4 /32 = 74 5 N ~
The meximum shear fcrces 1c thus N
Foo= (169117 .+ (74 sivi 18 L ges N N
The above calculated minimum clamping force will resist this shear -
force through the friction between the surface of the FEB and the -
coldplate However the clamping force 1s not sufficient, so the shear -
torces must be taken by the bolts. .
MS5 = (627 % 12 9) / (2 % 695) - 1 = 4 8 r
The belt has both & tensile loading and a shear loading at the same Ny

I N N LA T I s i h i T R R S S N S y K - SRS
N AN IN SO/ R s N SN
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ime, following the guidelines of Reference 2 10, the corresponding

factor of Jimit Joad capabilities" &are first computed and then
ombined.

FLC, = MS + 1 =111 + 1 = 2.11
t tu

FLC = MS5_ + 1 = 4.8 + 1 = 5.8
s )

‘hen,
1
FLC .
comb [(I/FLCt)Z . (1/}'1.05)231’Z
FLC - > = 0.99

comb [(1/72 110% + (175.8)%3%72

oad case #4 (landing) considers the landing quasistatic loads and the
hermal load calculated in section 4.3

largin of Safety Summary for FEB-Coldplate mounting bolts
.OAD 2.0 SF x INTERFACE 2.0 SF x INTERFACE SHEAR COMB GAPPING

JASE  ONLY 1.4 SF x PRELOAD MS MS MS
ALL BOLTS ONE MIS5S ALL BOLTS ONE MISS

L 1.11 1.09 0.85 0.84 4.8 0.99 1.6
2 1.16 1.16 0.89 0.89 6.4 1.07 2.7
3 1.02 1.02 0.79 0.78 29.1 1.02 0.7
! 1.06 1.06 0.82 0.82 20.1 1.06 5.1

1.10 Baseplate mounting flange bending

For simplicity., the mounting flange is considered to consist of
the 3/8 inch thick baseplate only. Additional strength supplied by
the bottom flange of the outer sidewalls is not considered. For the
ending analysis the flange 1s modeled as a2 simple beam in pure
>ending This bending torque is produced only by the quasistatic and
~andom vibration loading, not the bolt preload. Thus the maximum

ending torque 1:1s produced by the maximum bolt loading of 715 N (161
Ib?
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M, = 0 492 inch * 161 1b = 79.1 in-lb ,
*n the stress is :

“»
.

2

}\ 3

= X
Crax 6 Mo / bt

6 % 79 1 / (2.76 % (.3751%)

L]

g 4
PRt ]
1 _ T

L]
St

1223 psi.

\u..- .

r the 6061-Té aluminum which is used for the sidewalls and baseplate
eference 2 8)

c = 35 E+03 psi

CSu = 27 E+03 psi

42 E+03 psi.

2

erefore the bending stress margin of safety is

Mo tbend = Fu / 2 * Chax) — 1

Msbfbend = 42 E+03 / (2 x 1223) - 1 = 16.2

ecking for vield, a safety factor of 1.25 is used.

M 35 E+03 / (1.25 *» 1223) - 1 21.9

q

“ybi{bend

11 Baseplate mounting flange tension failure
The flange geome'ry {for tension failure is

CoLp PLA 7E
MNolE

1Ce 2ga!l we c.n. ¢t onlv *he thickness
dewel] {flange thickness, t(or stress calc
pression for tension tear out 1s

of the baceplate. neglecting
ulations The zppropriate

s = * s
‘U 7?1 "
lere At = (2 * R - 2 D ) x ¢t
= (276 - 2 %0 19) % 375 = 0.89 1in%
Pu = 42 E+03 » 0 89 = 37 4 E+03 1b c

s
g
!y

AW
N

B

. - .

e B
o e

I U LI SO S PL UP L P L S At et .ot
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5 )
) The maximum shear load per bolt from section 4. 9 is 695 N (155 Jb),
€ therefore ME, = 37 4 E+03 / (2 % 155) -1 = 120.
. Checking for vield by using a safety factor of 1. 2§,
&
L)
O MS = (35 E+03 *x 0.89) / (1.25 » 155) - 1 = 160
A vybit
[\
]
f 4. .12 Baseplate mounting flange shear tear out
>: The flange geometry for shear tear out at the mounting holes is
N'
'N’
-} .
U
J‘: )
w L= 2 %0 39 %0375 = 0.29 in ° :
: S »
. 1Y
. = S
- Pu = su * As ‘
43 = 27E+403 x 0.29 = 7.9E+03 Ib.
j Therefore M5 = 7 9E+03 7/ (2 x 155} -1 = 24.
;f 4.13 Baseplate mounting flange bearing strength b,
e The geometry for the bearing strength of the flange is 3
:'.
- X
d
e :
- D=0.19 .
] Z=0.29¢ -
2 .
k; From JA-41t the <:prescion fcor the bearing ctress 1s
v, = h 3 b K
; pbru kbru “tu Abr .
- where Ay, =D % t =019 inch x 0.375 inch = 071 in? X
& To obtain the constant from the table of page 10 of the "example"
analysis shown in the appendix of JA-418, the {ollowing ratios are
ot needed .
4,
) -
7 |
/] X
+ g
¢ .
o e e T T N AN A AN N N S N NN NS
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e/D = 0 375 / 0.19 inch = 2 0

D/t = 0. 19 1nch / 0 375 inch = 0 S1

Then kbru a2 2.0, approximately

and p = 2.0 % 42 E+03 * 071 = 5985 1b
bru

Therefore MS = S98S / (2 x 15§) -1 = 18

Summary of baseplate edge safety margins.

LOAD MNT FLANGE BEND MNT FLANGE TEAR MNT FLANGE MNT FLANGE

CASE TENS YIELD TENS YIELD SHEAR OUT BEARING
1 16 .2 21.9 120 160 24 18
2 231.5 31 .6 185 206 32 24
K} 10.3 14.0 744 993 156 118
4 39.2 53.6 446 595 93 70

4. 14 Outer cover mounting bolts

For all subsequent analysis in sections 4.14 to 4.18, the
baseplate is assumed to be fixed rigidly to the orthogrid. The shear
bending loads calculated in these sections result from the
accelerations acting only on the outer cover assembly (four sidewalls
and topwall). The mass of the outer cover is comprised of

4 sides and top, 29.9 1b,
doghouses, pwr bridge, 1.5 1ib,
TOTAL 31.4 1b, 14 3 kg

The center of mass of the complete cover is 223 mm above the plane of
the baseplate. In addition to the 32 attachment bolts which pass
through to the cold plate support structure, an additional 32 bolts
interleaved between the cold plate bolts attach the cover to the
baseplate. These additional bolts are 10-32 English thread. A286
stainless steel . When the FEB is being carried by the FEB lifting
device which attaches to the top cover, these bolts carry the weight
of the FEB baseplate and internal modules. When the FEB is being
carried in this way the accelerations are much Jower than during
lift-off or landing. Since these bolts are of the same size and type
as the coldplate attachment bolts, the analysis of the coldplate
attachment bolts (sections 4.2-4.9) is sufficient for these additional
bolts during ground operations.

For lift-off and landing, these additional bolts are analyvzed in this
section.

As in section 4.5, the X-axis and Y-axis accelerations act on the

.......
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center of mass to produce tension loading which adds to the Z-axis ”
loading. 64 bolts carry this loading from the top cover. The present )
analysis is for the 32 interleaved bolts. ”

&3
:,
Analysis similar to that of section 4.5 shows that for load case #| iny
the tension loading on these attachment bolts is :‘
oy
sz = 120.1 N ?v
lx
F = 9.5 N
zZy d
1 F,_ = S.9N oy
) x4 LS
for a total loading of 135.5 N. Due to the preload of the bolt, part :t
of this interface load is taken by the bolt and the remainder is taken v
by the flange. For the margin of safety calculation, a saftey factor
of two is applied to this interface force but not the maximum bolt
\ preload.

LR

MStu = (964 % 12.9)/(2 % 0.34 x 135.5 +5419) - 1 = 1.26.
Following reference 2.9, the margin of safety should also be
calculated with a safety factor of 1.4 applied to the bolt preload
that results from an average bolt friction.

MR Rant SN AL
r -

Mstu 2 (964 % 12.9)/(2 * 0.34 % 135.5 + 1.4 %X 4454) - | = 0.97;:

o

Gapping of the joint under minimum mounting torque and maximum bolt E
friction must also be considered. From section 4.4 of this document, -9
the minimum bolt preload is 3061 N. There will also be a relazration i‘
of the initial bolt preload which is estimated to be 20%, which leaves jf
a residual bolt preload of 24472 N. I{ the flanges fraction of the o
external Jload were to exceed the minimum preload, gapping would occur. g
' I
MS = 2449 / (2 x 0.66 % 135.5) - 1 = 12.6. By
Shear loadings are produced by the X and Y axis accelerations. ?4
< Pg, = (14.3 kg * 9.81 % 37.1) / 64 = 81. N

]

Psv = (14.3 kg *x 9.81 % 4.0 ) / 64 = 8.7 N b
Considering the vector sum, P_ = 81.5 N R
If no relative motion between the top cover and the baseplate is to -
occur, the resistance produced by friction must be greater than this )
amount. Assuming a friction coefficient of 0. .15 Q
™
rod
Ffric = 0.15 % 2449 = 367 N §?~

o

Then MS .. = 367 /(2 % 81.5) - 1 = 1.3, N
slip .

-

If the friction between the cover and baseplate were not enough. the )

bolts would have to absorb the lateral loading. Using the strength of o

N

R

! ‘N
) «
™
)

~

1'\

7 ’s'\’ . Q’ NGOG oY \ -’x’\“\'\ ) \’\ \ s'\’\' ”““ T T N SR P ¢'-\,‘, #\'""f‘wx'"f“e“a“r?}"
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the bolts and the stress cross-section

B )

MSS = (627 % 12.9) / (2 % 81.5) - 1 = 48 .6

(X7

v

The combined "factor of limit load capabiltiy” is then calculated as
in section 4.9. Since the shear safetvy margins are so large, the
combined satfety margin is very close to that due to tension onily.

2 LI

Margin of Safety Summary for FEB outer cover mounting bolts

LOAD 2.0 SF x INT 2.0 SF x INT SLIP SHEAR COMB GAPPING 2
CASE ONLY 1.4 SF x PRE MS MS MS MS
ALL BOLTS ALL BOLTS
1 1.26 0.97 1.3 48 . 6 1.25 12.6
2 1.27 0.98 1.9 62.1 1.27 18 .7
3 1.26 0.97 10.7 256 1.26 12.2
4 1.13 0.86 7.2 179 1.12 3§ 1

4.15 Sidewall mounting flange bending

The maximum bending momement acting on the sidewall flange is
produced by the external interface load at the joint.
T o=
/]
SR W /I A R
Py ; L % é
A " / . y 2'@ /] @— "38
=e" 7/, / v

. /_ — e - —— !" '

Iy |— v a

—#aﬁﬂz 7 N “ =

Farix N @t D=0.19 b

) i———-J z

Wt

S

M =TF * 0.492 in = 15.0 in-1b RN

o zmax -

Then the maximum bending stress, assumed tensile, is g*
<I.

2 . N

X x = K}

Omaz * 6 Mo/(1.38 0.1%) 6516 psi s

‘A

The margin of safety (using tubs 42 E+03 psi) is :§
| »
Mssfbend 42 E+03 /(2% 6516) 1 2.2 r}

o

0f course, the stiffing added by the ribs in the sidewall will fh
increase the margin of safety. rb
L)
4.16 Sidewall flange tension failure b
The margin of safety calculated in section 4 .14 indicates that no )
.‘t
".l
h
\

| 4
i’
::s

NPT RIS R N PSS
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slipping between the top cover and bhaseplate should occur If
slipping were to somehow occur, the following calculations demonstrate
that the sidewall! flange has sufficient strength.

O A R .

The flange geometrvy of the sidewalls for tension failure is:

i T o ot I O Y

The appropriate expression for tension failure is

b = 0

1T Py f Ay .

where A, = (Z*R-D) %t 3
= (1.38 - 0.19) % 0.28 = 0.33 in®

P, = 42 E+03 * 0.33 = 14 E+03 Ib o

A"

Pol bl Wi Y B Aa e PaPEIRRE TS0 Ve Th P PU

The maximum shear load per bolt from section 4.15 is 81.5 N (18.2 1b}, 9

therefore MSt = 14 E+03 / (2 x 18.2) -1 = 383

5 Checking for vield with a safety factor of 1.25,

i 4
.

MSv = (35 E+03 % 0.33) / (1.25 * 18.2) - 1 = 511

4.17 Sidewall mounting flange shear tear out

ﬁ The flange geometry for the shear tear out is :
. -
N <
]

: LS
E t
% -
g

C]

3 = 1 & -3
F’ Py 3t As .
i~ R
i = 27 E+03 % (2 x 0 39 x 0.28) = 5897 1b.

2 -

: Therefore MS = 5897 / (2 x 18 2) -1 = 161. -

" K

,'

4 vy
" 3
' -
s .
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4.18 Sidewall mounting flange bearing strength

The geometry for the bearing strength >f the :!inje 1s

Ny
O 2
D=0.19

Z=0.28"

Lz=039"

From JA-418 :the 2xpression for the bearing stress .S
= x 3 :
Pyru Kpru “tu ¥ Apr
where Abr = D x t = 0.19 inch * 0.28 inch = .0S53 1n2 :

To obtain the constant from the table of page 10 of the "example"
analysis shown in the appendix of JA-418, the following ratios are

needed
\ 3
: e/D = 0.375 inch / 0.19 inch = 2 N
¢ 3
: D/t = 0.19 inch / 0.28 inch = 0.68 .
‘ : Then kbru = 2.0, approximately.
- and P = 2 % 42 E+03 % 0 053 = 4468 1b .
. bru .
: Therefore M5 = 4468 / (Z % 18.2) -1 = 122 .
B r
' Summary of sidewall flange safety margins:
: LOAD SIDE FLNGE BEND SIDE FLNGE TEAR SIDE FLNGE SIDE FLANGE ;
CASE  TENS YIELD TENS YIELD SHEAR OUT  BEARING N
1 2.2 3.3 383 S11 161 122 ’
N z 3.7 5.2 495 660 208 157 :
\ , 3 2.1 3.2 2373 3164 999 757 1
\ ' - . A
' 4 7.6 10 .4 1423 1898 599 454
; X
v r
)
. N
L] 0
[ ] d
‘
:’\-'_-J- e 'f.‘-'.'J\-“'J‘__.:\J‘_-.'\.'.\f.'I".:_.a‘\c'_.-‘..-:_'.“-J'_'-:\-'\-‘\-r_‘.‘.:’-_.l_l.‘_‘.'_..’_.-'_'.'_;.'.'. .‘ R '.'.‘.-__ R N AT S S A A
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S Internal module anealysie
S 1 Power distribution bridge

The power d:i:stribution bridge attaches at each end to the top of the \
signal anc power doghousec with two #6-32Z type AZBé stainless steel
sScCrews .

2 [l . Y g
<—T .'1' Weeioee ¥ 26 X ;
\ BRIOGE Vgt .
X ' R, ._f;
M,
| P S e
Ry e
¥ \
]
The power distribution bridge is a thin U-channel that carries the ;
power supply connectors. Z-axis loading on the FEB will produce
tension Joading in the attachment bolts. X-axis and Y-axis

accelerations produce shear in the attachment bolts but little '
additional tension since the bridge is thin. )

Due to connector mounting holes, the effective cross section area is :
reduced near the center of the bridge where the maximum bending stress
occurs. Load case #3 (Z-axis accelerations) will produce the maximum K-
bending moment . v
)
R =05 3% w_ . ¥ Z6 = 0.5 % 0.5 » 50.5 = 12 .6 .
bridage S
M =R L/2 - 0.5 % W__ ¥ Z6 x L/4 o
o bridge
= 12 6 lb x .37 in - 12.6 1b x 3.19 in = 40.2 in-1b
Feor LS ective roce section
it
' -
Ao 4}.1' o
Al e — 7 B I = 7,3CXIO-Y “
s /s sy Loy A 3
| nl- X - 4
T L1’ —sl % = e
L——/.‘rs’“ >
v_ = 0 116 1n and I = ¢ 86 E-04 K

Thf‘n = ) !
Cmax Mo ve 'l

= 40 2 » 0 116 / 9 B6 E-04 = 4723 ps)

.
L)
-
)
'
.
'

« - .
A ML AT A At o) L
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- ‘~. __ .\' e Lt 1.'-.- l- \ -h_ h L] I TS Rt " . 4 - - -i dl l‘ -h - 1 ‘..~~ X

= } z - = .
Thus, Mstbend 42 E+03 / (2 4723) 1 3.4

Checking for vield,

MS = 35 E+03 / (1.25 % 4723) - 1 = 4 9
vybend

The maximum shear occurs at the end of the beam due to reaction R.
The shear &area is the cross section of the beam at the doghouse.

Ps = 27 E+03 x 0. .25 inz = 6750 1b

Then MSs = 6750 / (2 % 12.6) - 1 = 266

The power distribution bridae attaches to the each doghouse with two
©-32 screws at each end Since the bridge is relatively thin, X and Y
arx1s moments do not produce additional Z-axis loading.

F = W . ¥ ZG /(4 bolts) = 6€.3 1bs (LC #3)
zz bridge

The bolt preload must first be calculated. The expected range of
tightening torque is 10 to 12 in-1b. Using the {figure of reference
2.6, for the minimum friction value of 0.0784 and the maximum torque

= b 3 =
FmaprE 60 12 720 1b.

Also calculating the average preload and minimum preload

= b
Favgpre = 0 * 12

= X
and rminPRE 40 10

600 1b

400 1b.

The stress area for a €-32 bolt is 0.00909 inz, thus

put = 140 E+03 * 0.00909 = 1270 1b
The fraction of the external interface load that is take by the flange
ie determined bv *he {lzanae geometry which fits case 2 of reference
2 S ‘page 1.7

A = PL ¥ (D -DL ) /4 .
b s pr o Yp or - 1)y x (D x L /s s L 271000 [/ &
3 w W ) ]
=314 % 0 3735 - 0 228 7 oq ,
+ 3 14r(0 200 375 - 1)%X(0 375 ¥ 0 2 /5 + 0 I°1100) 1 &

L]

0 0765 1n

The ares and medulus -t elest:izity for the flenge and bclt are used to
determine the )j)oint or "“screw" diagram.
X
FRAC = A, *E,

3 X
AB EB + Aj EJ

VAT AT AR L 'I\ > '.f" e e AN e e, AN AT R NS AT A '.I""('\.r '.I' ‘-r" \ \
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A » L)
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Ml o - A - -
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P G765 % 1F+Q7
0 00909 * 2 91E+07 + 0.0765 % 1E+07

0.74

Thus mocst of the external! 1ntertace load is taken by the {flange.

The marg:n of safety can then be calculated using a safety factor of
two on the external interface load.

MSt = (1270)/(2 % (1-0.74) % 6.3 + 720) - 1 = 0.77
Using an average value for the coefficent of friction, and a safety
factor of 1 4 on the resulting pretension.

MEt = [1270)/7(2 * (1-0.74) * 6.3 + 1. 4 % 600) - 1 = 0.51
Gapping of the 1cint under minimum mounting torque and marximum torque
friction must be considered. After the 20 % relaxation from the
initial preload, a preload of 0.8 x 400 = 320 1b results. If the
flange's fraction of the external load were to exceed this minimum
preload, gapping would occur.

Msgap = 320 /7 (2 ¥ 0.74 % 6.3) - 1 = 33.1

The shear loading comes from the X-axis and Y-axis accelerations.

F = W ¥ X6 / 4 bolts
SK bridge
= 0.5 % 37.1 /7 4 = 4.6 1D (LC #1)
13 = VW . X YG / 4 bolts
sy bridge
= 0.5 * 4 0/ 4 =0.51>b (LC #1)
and F = (r_ )% 5t 49y
SXY s ¥ sy

To avoid slipping between the bridge and the top of the doghouse, the
meX:imum possible cshezr force 1s calculated using a {riction value of

¢ 1% betweern the mempers and the relsarxed minimum bolt preload
F 0 IS x 320 1b = 48 1b
fric
Thus ME = 4t 7/ (L * 4§ 7)) - 1 = 4.2
slip
If *he hcliing tr-c:on was not sufficient, the mounting bolts can

absort the shear loec
MZ = (Q1E+02 » Q0 00909) / (Z » 4 7) - 1 = BB
These shear loads are small] enough that tension and shear tear out of

the 0 2 1nch thick flange of the power distribution bridge do not need
to be caljculated

I.JI.'.J'I'J'
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-~
Margin of safety summary of power distribution bridge ;:1
F
MS BRIDGE BEND BRIDGE BOLT TENSION GAPPING SLIPPING BOLT ;x
TENS YIELD SHEAR 2.0 2.0 & 1.4 SHEAR fs
3 4 4.9 266 0.77 0.51 33.1 4.2 88 -
o
r:‘
§.2 Signel and power doghouse ﬁmj
The signal and power doghouses attach to the connector endwall of o
the FEB. Y-axis loading of the FEB produces direct axial tension in I
the mounting bolts. X-axis and Z-axis loading produce shear in the ~
mounting bcolts and tension through the moments produced on the CG. ol
The loading of the power distribution bridge is modeled by adding a fr
point mass of W . /2 at the bridge attachment point. =
bridge b
__,‘p.f;a“— ~I.
N

- CommsiTs €& :}
f p .

(3 _4./4 41[".,.}74*‘/.2: 2.1 ;‘:

A -~
A 2 (471) < 11 ]

v s o 4
X Y e 295" L@ porx+y #0.¥25 = 0.5y :-",

-’ 2 {4 o

e ta
| }/(6 i‘(’/} ”/,’)-6.53 ‘;‘_

l”" , .

. Vo= 0787 ",

For tension calculations, the effective center of gravity, CG, must be
first found. The moment calculations are straighforward.

T

Mox = Yaoghouse * Ybridgesz) * XG * 0.78 inch

K]
’

N

= (0.5 + 0.5/2) » 37.1 x 0.78 = 21.7 in-1b

« [
\"'\)I‘. o

by <he beclt react:cn, ¥

[y
v

vE'

W

rrrry
s AR

£ - L s = M
P 244+ 2% 0:75)’[0'7 .

3 _'-."!"'p. B

e

3
€

Jo,

-,

c * (4 + 2 % 0.5/0 95) *» 0 95 lnchlfvx

[g

7

F =217 (9 o) = 2 26 1b
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The Z-ax:¢ acce.eratione alsc produce a moment around *the CGC which 1is
counterec by the distributed perimeter bolts.

- F
4/ fs =
. 4 Fs e
i* ‘ ; P Ao b f,,a
4 , F,
R ,'} ro i Fr
0o b MGY 2.3
o > £
y 4 Y
- i e
_ A = 28
~1.*
G Fo=lly
27 ;
e = F 2 + L4 M +‘_.’_ + V08
s Moo 'rz”*(“ﬁ e e “)
o = (W +W /2) % ZG x 0.78 1mnch
0z doghouse bridge

(0.5 + 0.5/2) x 2.7 x 0.78 = 1.58 in-1b

F
vz

Moz / (17.2) = 0.092 1D

The Y-axis induced load acts through the new CG, and directly produces
tensile loading

= x 2
FVV ((wdoghouse + wbrldge/Z) YG)/ 1 bolts

(0.5 +«+ 0 5/23 » 4.0 / 12 = 0.25 1b

Bolt positions A or B may suffer the maximum loading depending on the
load case

= x 2 2
FA Fvv + sz 2.4/2.8 + va
r_oo= r * : .
B Fvv + ve + va 0.5/0.95

LOADCASE FA T
1 . I¢ 1 52 1b
2 2 24 2 08 -
3 2 069 2 16
4 0 92 0 ¢~
Thesze Jcede are !l verv emcocll compearec tz the bclt preioad The bolt
preloec will essentialv control the total bolt load A 101nt diagram
15 not needed (Alsc the soft elastomer gasket which 1s used for EMC

contrcl fullv compressec angd does not enter 1ntc the jecint diagram
celculations )

The 6-32 bolts used to attach the doghouse to the sidewzl) are type
216 =tainiess steel tor which

o = 37 ¢ E+QC
-

o, = 75 E+03
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The ultimate bolt strength is then

ptu = 75 E+03 * 0.0090% = 682 1b
Psu = 37.5 E+03 x 0.00909 = 341 1b X
The expected tigthening torque is 7 to 8 in-lb. The maximum bolt b
preload 15 then
x =
FmaxPRE 60 8 480 1b
= ¥ =
and FangRE 50 8 400 1b
x =
lenPRE 40 7 280 1b

The shear loads 1n these bolts are produced by X-axis and Z-axis
acceleration. The maximum shear load occurs for Jload case #3 .

r
= X = 8
psx (wdoghouse * wbridge/Z) X6 4.5 1b ]

P

(

X =
Sz Yioghouse * “bridge’?’ Z6 = 37.9 1b

The primary shear loading for each of the 12 bolts is simply

2 2.1/2 -
P = ((P_ ) + (P 17 /112 -
s5Xe SX sz .
= 2 7 Py
2.2 1t e 0: Woofest 2 203
o - -
. I »r”i 2157 h= )0 X
(4]
L i f- ——- /).'21,07 0;31_30 n‘= .99
;8" . Fﬂ ! /ﬂ. -~
o s .
\ - - P 4.8 o
. |\\;./i, KT _5!__1_._ :
I\\ 27354
{ \ "
. | s = fy ¥ C.05¢ S
n Y
. ‘e
Zince Ps* passes thrcush 'he center of screwes. only P . .
produceE”an eccentric shear loading on the screws. Tﬁé worse case
additional loadina is 0-25 1b. The loads are so small that continued

getal1led anelvesise 1s not necessary

z tower suyupply i

The power supply 15 fastened to the FEB baseplate through an adapter
plate sc that it can be removed from the top without accessing any

screw heads on the underneath side of the FEB baseplate The -
commerical power supply 15 attached to the adapter plate through the Y
following hole patterr with ©-2Z, tvpe A286¢ staimnless screws. Ny
» " —— i e-—
| # /';—,ﬁ
/fla' yr -
Y //o f ./ /_\ A
X rd e .
L v
r-4 . —

- - T .- *
L L A EAPRR o ._'.\

. " \........-.-."..'n‘...-~..\-...-.
PO SO OS VU SUON PN, S8 P v A TR i i,
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The C6 1s assumed directly overtop the center of the screws Z-8X1€§ :
acceleretion produces tension only.

13 = W ¥ ZG / 6 bolts
2z pwrsup
= 3.9 %27/ 6«17 1b .
X-ax1s acceleration produces a moment of )
Y]
M = W ¥ XG *¥ 1.8 inch
OF% PWrsup .
= 2 ¢ % 7 1 ¥ 1 & = 760 1n-1b .
N
.
2
Z L%
.__> ~
Y »
-
”
Y
« s
This 1 counterad by '3
F =M /14 x 4 S inch) = 14.5 1b b
A 0x
The Y-aris acceleration also produces a moment, .
-"
M =y X YG ¥ 1.8 inch ~
oy PWISUup g
=39 %4 %x 18 =281 in-1b N
which 1s countered by :
F__ = M__‘t6 * 1 .125/2) = & 3 1b .
Y ov -
The meximum tenz:le loezd :s then .
.
F = r + F + F ’
mar ¥ Ty zz -,
= 14 5 + € 3 +1 76 = 24 5 1b f_
"
Part of thic external 1ntertece Joad 1n taken by the {flange These g
belts are countersunk i1nto the underneath side of the ¢ 1% inch thick o
adapter plate The eftective flange area for such & situation 1¢ not -
described 1n the references Therefore the effective flange arez wil) R
be calculeted using the diameter of the flat~head screw (0 307 inch) R
2 2 2 -
AJ = Pl 2 (0 307 - (0 145 ) 74 = ¢ 0S¢ 1n
The fraction of ‘he externel 1nterface load taken by the adapter plate -f
18 e
P

P T T T

a Nw"n N

[ SRR AR S G IR W S L L ia
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A’ 1 E]
FRAC = = :
L X
AE TR ? A) EJ
. Q0 Q59 *» 1 F+07 c 0 69
¢ 0090 » 2 91 E+07 + 0 059 » 1 E+07

1ue most ot the external i1ntertace load 1s taken by the {flange

he marg:n of setety can then be calculated using a8 safety factor of
~O Oon the external 1nterface load.

MSt = 1270:+/(2 * (1-0.69) * 24.5 + 720) - 1t = 0.73

sing an avereaqe value tor the coefficent of friction, and a safety
actor ot 1 4 on the resulting pretension.

MS =
t

[
€t
~J
(s

"2 % (1-0.€9) x Z24.5 + 1.4 % 600) ~ 1 = 0.49

apping c¢f the 3jc)nt under minimum mounting torque and meximum torque
riction must be considered. After the 20 % relaxation from the
nitial preload, a preload of 0.8 *» 400 = 320 1b. If the adapter
late fraction of the external load were to exceed this minimum
reload, gapping would occur.

Msgap = 32C / (Z ¥ 0.69 *» 24.5) - 1 = 8.4

‘ne shear loading comes trom the X-aris and Y-axis loading.

F = W ¥ XG5 / 6 bolts
S¥X PWIrsup
= 3 9 *x 37 .1/ 6 =24.11Db (LC #1)
¥ = W ¥ YG / 6 bolts
Y PWrsup
=3 9 %x 4 0/ 6 = 2.6 1b (LC #1)
nd F = ({F_ "% + (F )2)1/2 = 24.2 1b
SXV s sv
gvo 2 ziceptrI betwoer ‘he pboweYy SUprly znd the zdapcter plegire., the
e nimun poegible znezr rcorce 1e calculeted usang & tricticn value of
15 between the members and the relaxed minimum bolt preload

T, = ¢ 17 » 20 1t = 4& 1t
{ri1c
‘hue MI = 9 N RO - 1 = -¢ 314
=l
1nce the holding triction 15 net sufticient, the mounting bolts must
bscrbt the shezr l!zad
ME = CIE+CI * 0 00909) /7 vtz * Z4 . 2) - 1 = 16 |

5
""hIf thelef moUT®inG b

f beth ctrece zre s
factor o6 amit itoad

stein both tenzion &and cshear. the effect
hrough celculation of the corresponding
I1ti1es” which are then combined
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TN 2036-1310 NR/O01

FLC, = Mst + 1 = 0.73 + 1 = 1.73 ]

FLC = M5 + 1 = 16.1 + 1 = 17 1.
s s

1

Then FLC - = 172 )
COmE  (y/y 9398 4 (1717 118382 N

and

The power supply attachment holes are located far enough from the
edges of the adapter plate, that tension tear out or shear tear out iy
are very unlikely.

Checking {or the bearing streéength:

D:o,/‘lu

¢ 74 6 14

0.14 7 © 15

0 14 % 0 15

b b1
ktru 77 A

3 0 * 42 E+03 *» 2.1 E~02 = Z646¢6

bru

ME = 2646 / (2 % 24 Z2) - 1 = 54

setety

SuUmmary. pPoOwer SuUpply tc adapter rléte ntertace w

" PWR -~ ADAPT MS GAP M5 SLIP ME SHLEAR MS COMB MS
\ FEE OO SF 2 ¢ & 14 BEARING

s

54
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The power supply adapter plate attaches to the FLB baseplate with
fourteen, 10-~32 type AZB6 screws 1n the following pattern. The total
welght 15 the sum of the power supply and the adapter plate (3.9 +

0.4).
— . —

_’//(’_o.:fu

Since the CG is directly cver the center of the screws, Z-axis loading
produces tension only.

F = (W + W
z2 PWIrsup adapt

= (3.9 + .4) x 2.7 ] 14 = 0.83 1b.

) * ZG / 14 bolts

X-axis acceleration produces a moment of

M

(W + W ) *» X6 x 1.78 inch
0K PWrsup adapt

3.9 + 4) % 37.1 x 1.78 = 284 in-1b

; -
..

T:n1g ¢ countered bv v
F__ = M__ /(4 % (1 + 2/3 +« 1/3) % 5 25) w

zX or A

»

>

= 284 / 18 ®» 5§ 25) = 6 7¢ lb G

:z
w
The Y-~ax1s accelersation &lsc produces ¢ moment, Na
L
M = (W v W ) YG *» 1 76 inch e

oy pPwWrsup adapt N

= (3 9+ 4) % 4 0 % 1 78 = 30 6 1n~1b N

S
b

A

‘e
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. f '
v This 1s countered by ”
o :
3 = ’ =
N sz Mov/(lq 1.05) 2.1 1b :
\
The marzimum tensile load 1s then
> 13 = F__+ F__ +F P
: max ZK zy 2z 3
L = 6.76 + 2.1 + 0.8 = 9.7 1b “
x :
Part of this external interface load in taken by the flange. The
4 geometery of the flange is closest to case 2 of reference.2.5. The
” calculation of the effective flange area is
- AJ=PI*(DZ-DhZ)/4 ) .
+ PLx % /b ™ 1) x (D *x1L./5 + L.2/100) / 8
) w w b ]
" 2 2
. = 3.14 * (0.375" - 0.257) [/ 4 2
. + 3.14%(0.5/0.375 - .1)>%(0.375 x 0.15/5 + 0.15%/100) / 8
- = 0.067 inz ‘A
- The fraction of the external interface load taken by the adapter plate \
- is :
2 FRAC = AL ES *
, - X 2 .
' AB EB + Aj E)
_ 0.062 x § E+07? = 0 .54
B 0.02 * 2.91 E+07 + 0.067 x 1 E+07 :
. A joint diagram will thus show that 0.54 of the external interface
) force s taken by the {lange and 0 46 of the interface force is taken
by the bolt which adds to the preload of the bolt to produce the -
. marimum bolt stress. ' n
L .
ff The expected tightening torque is 30 to 34 in-1b Thus {for minimum :
e fricticen ftu =0 (0784) and maximum torque (using the "nut factors" from :
-~ re:erence . o) ~
) .
E: rmax?ﬂ: = 44 ¢ 7 L4 = 1810 1b s
::' For an everage frict:zon value of u = 0. 1, )
= 3 . 3 = i )
rangRE 3¢ 8 34 1241 1b
" and tor the marimun {ri1ct12n vglue and minimum torque, :
. "
; menPRE cb & % 30 = 804 1b. ;
’4
v Thie minimum Preload will be reduced an additional 20 % for the *
gapping analysis which will follow »
2 The margin ot satety czn then be calculated using a safety factor of ‘
. )
”, Ed
,
;. \_._:_»,_..’.,;_~.:.".j.:~;.:-‘_, A .r’"’-r"'.r".r‘.r‘.r"r'l"’r‘r':‘.r\ \{\‘,\.’\ ~ \
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two on the external interface load. b

x >
: MSt = (2800)/'2 % (1-0.54) x 9.7 + 1510) - 1 = 0 84 AL
'!
w3

Using ean average value for the coefficent of friction, eand a safety u2
factor of 1.4 on the recsulting pretension. o
v
MSt = (2800)/(2 x (1-0.54) x 9.7 + 1.4 x1241) - 1 = 0.60 :,
A
Gapping of the joint under minimum mounting torque and marximum torque ey

friction must be considered. After the 20 % relaxation from the a

initial preload, & preload of 0.8 % 864 = 69% 1b. If the adapter ~

1 plate fraction of the external Jload were to exceed this minimum -~
: preload, gapping would occur. ‘:.
] A
[ MS = 691 / (2 * 0.54 ¥ 9.7) - 1 = 66. )
gap e

The shear loading comes from the X-axis and Y-axis acceleration. ?

I

=

F = (W +W }) ¥ XG / 14 bolts v,

SR PWrsup adapt o

; = (3.9 +# 0.4) X 37.1 / 14 = 11 .4 1b -
F = (W +W ) ¥ YG / 14 bolts 2

Sy PWIrsup adapt L

"

= (3.9 +.4) x 4.0/ 14 = 1.2 1b I
Rt

2 2 e
and F = (F_ )% (F_5HY 2 515 b g

SEY S¥ Sy ~

Toc avoid slipping between the adapter and the FEB baseplate, the %_

i maximum possible shear force is calculated using & friction value of ::
; 0.15 between the members and the relaxed minimum bolt preload. ?.
i -
= S % o9 = -

fric 0.1 621 1b 104 1b -

Thus MS .= 104 / (2 *x 11.5) - 1 = 3.5 i

slip -

.
Ll

If the holding frictiorn waes not sufficient, the mounting bolts can '?
abscrt the shear lcad R
o

MSS = (Q1E+0Z ¥ 0 02) / (2 % 11 5) - 1 = 78. )
" 3
Srnce these mount:ino bolts sustain both tencsion and shear, the effect <)
of both strese z2re combined thrcough celculation of the corresponding 'ﬁﬂ
tleztor o of loamrt load czpablilityiecs” which are then combined o
FLC ME, + 1 = 0 84 + 1 = 1 64 -

t t D
\._

and FLE = MS  + 1 = 76 « 1 = 79 o
< s e

l-'.

S

:.r

AL

:{".

&
L

h
\
\
...a \I-J‘f"-"-'"nf-f-vff et e T e .\-.\\'\'\\*s
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1

comb 1,1 84 4 (1779983872

Then FLC = 1 84

Margin of safety summary, power supply to adapter plate bolts:

LOAD BOLT ADAPT(->BASE GAP SLIP BOLT MS

NN e R TN S A R e DA

CASE 2 0 SF 2.0 & 1.4 SHEAR COMB
]
1 0.84 0.60 66 3.5 78 0.84 $
2 0.84 0.60 37 4.8 100 0.83 2
| ’_.
i 3 0.83 0 60 34 22 4 410 0.83 P
' 4 ¢ 85 0 61 131 15.4 287 0.85 E
The adepter pleate must withstand the bending produced on 1ts flange by :
the V-2ax1s loading. >
o P 5
, ) >
~ 3
A
’ .
1 2
—_ "
Y -
-t
]
> 05" ]
M = 0.25 inch % F = 0.25 % 9.7 = 2 42 in-1b N
0 Zmax )
then the stress ;:
Z .
= b 3 X
G-bend 6 Mo /bt En
= 6 % 2.42 / ( 1.31 % (0.15)%) g
A
)
= 493 psi >
~
Shear stress is also present, !.
N
SN
= I._'\t
Gﬂshear Fzmax ! Ashear e
= ¢ 7 4 t1 31 % 0.15) = 49 I psy SN
The combined stress is then %_
» 2, 4, 210z A
Shmax Spend’ * (Sihear N
= ((49)% + 3 2 (a9 25T L 499 psi e
1 The margin of safety 1is b
"o,
c s 4 rann ) L N
ME beng = 47 D+03 7 (2 % 499) 1 a1 1 h
\ )
Y
’
v
M
N A A P A A AN AN e T A AT A T e RS 4 T

gt
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Checking for vield,

MS = 35 E+03 / (1.25 % 499) - 1 = 55 8
vbend

The {lange geometerv for tension failure is

2:0‘/5”

aJ£§C€/ 11//
N
\“ \(/3/>\

The uvltimate =:vength for tension tear out 1is

X Py T T Fy
»
v = X - X
’ where At (2 R (D1 + DZ)/Z) t
f = (1.31 - (0.25 + 0.4)/2) % 0.15 = 0.148 in =°
. Pu = 42 E+03 %X 0.148 = 6205 1b
N The marimum shear load was 11.5 1lb, thus
L}
[
[ = ¢ Z - =
: M”utear 0205 / (z *x 11.5) 1 270.
. Checking for vield by using as safety factor of 1.25,
. MS = 35 E+03 %X 0.148 / (1.25 % 11 5) - 1 = 360

ytear

The geometry tcr shear tear out 1s

s S

.

;

:

:

B &

: A =a2#(025%075)
- :
i A, = 0 2 0l 2 ox 0 15) = 0 075 1n
; Ther MS_, .. = ST Es03 % 0 075 ¢ 42 x 11 5) - 1 = 87 4
)

g.

)

'f:i;f‘ﬁ;a;Jé}“f‘f'f‘*ﬁm'rjw':‘f‘w‘r‘f‘f‘/’f'r z':‘a':'r‘¢: ;r; ,f\l$-. \v\f\f\ \I.f*f\f.f - .%:\;\f\:\;1¢\: <
LV D% W WS Wy W (% A A B it
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Checking for the nearinag strenath.

\< p=ou’
’%l\ﬂa
/;%é

vield & F = 0 3
bru
A =D x t =04 x 0 15 =0 06 1n2
br
= } }
Then Pbru Kpruw ¥ o Abru

= 0 3 % 472 E+03 x 0 06 = 756

beru = 7%¢ ¢+ (2 ¥ 11 5) - 1 = 32

Margin of safety summary for power supply adapter plate:

LOAD M5 BEND MS TENS TEAR MS M5
CAREE TENS YIELD TENS YIELD SHEAR BEARING
1 41 St <o 360 87 32
Y3 23 31 343 458 111 11
3 ! 8 1400 1867 456 170
4 € 1ic ot 1309 320 119

9 F.lters and computer

The "w:de' aend nairrow’ tilter modules (“wide” and "mnerrow’' RF

il Flie NI B e “mruter mount direct'ly to the bhazze plote woth twe
iC0-00, sralnieer cteel zIrews LACZBG) Additional]l crecse ti1ec triauge
across the tops of these units and diagonal bracecs preven' gross
rotation of the acssemblies about the ¥-ax:s Lach module ¢ werght ¢
4 95 Ib except :or the computer whose weight 15 4 1b "Thi1¢ weight
incjudes 0 0S Jb tor the prorated portion of the top U-chennel ) The

analve:s of this section will consider & group of five fi1lter modulues
which 15 the worst case comrpared to the cther group ot tour filters
and one computer

The U--hannel tracing acroces the tilter tope prevent individueld f1lter
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movement zclong the X-agxa1s Each subgroup of five filter modules has &
diagonal cross brace on each si1de for stiffness 1n the X-ari1s. These
diagonal braces have a2 separate attachment to the FEB baseplate.

The f{ree bodv cd;zarams for each filter module and tor the five f1lter
eubgrour 18

54 2§E:==::::::
S O~ e
2 Fj/) I'-% F,/l ’/1
X " |
W& Lo

From the geometrv shown above., the Z-axis load produced by the X-ax:s
acceleration 1s

sz = tan{(&@ ) ¥ (2.5 ¥ Fo+ LI
where F_ = ¢ 95 1b * X6 / 2 sides = 4.95 * 37.1 / 2 = 91.8 1b
and F,, = 0 28 1b % X6 # 2 braces / 2 sides = 10.4 Ib
thus F_o= tanis3%) % (2.5 % 91.8 + 10.4) = 471 It

The Z-arxis acceleration directly produces tension 1n the attachment
bolts

( x v + Z s i s
'wfilt + 2 ubrace) 6 /2 1des

(4 95 + 2 » 0 28) x 2.7 / 2 =7 4 1b

(3]
(2]

The Y-axi1s acceleration produces a moment

Mov = (4 95 + 7 *» 0 28/2) * YG ¥ 11 ©25/C 1nch
!l % YG / 40 » 13 25 1nch = 267 1n-1b

One-halt of each brace 15 allocated this outside {1lter module, the

cther ‘zur moduies wculld have only the ¢ 95 1tk cof their own weight A
srrogs troc-e 7 tne T mcdule adde tc the Y-axis load Anzlveirs of
*hije ~yoee Frace 1 7 Jzter section will vield cne tcurth of the load
ot the IT nmooTU s lTmEeerL Ve Cac-

fe——— 1 Yo,y

Lt v v 3 Je gin J
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This moment 1s countered by sz,

F = M /(2 x 6 inches) = 267 / (2 * 6) =« 22 3 1b
zy oy

The marimum tension load is

F = F + F + F
Zmar ZK zZy 22

= 471 1b + 22.3 1b + 7.4 1b = 500 1b
To determine the division of the external interface load between the
mounting f{lange and the bolt, the effective joint area of the {lange
must be zzlculeated

For the mounting ieet at the end of the f{ilter module,

0.25p/s ¢.437 06&P CounTER Rong
The jcint geometry {fits case 2 of reference 2.5

A, =PI 3 (D z th) /4 ,
+ PI » %D /D "~ 1) x (D_* L./5 + L.%/100) / 8
J w w ) )
2 2
= 3 14 % (0 375° - 0.25°) / 4 )
+ 3.14%(0 437/0.375 - .1)%(0.375 % 0 625 /5 + 0 €25°/100) / 8
= 0 083 1n®

The {frac-:on cf{ the external i1nterface load taken by the mounting
flanas :

I3

_ ] )
B FRAC = A E_ + A X E]

~ 0 0f2 % 1 T4Q? C 0 o
- 0 C1& % 2 91 E+07 + 0 083 % 1 E+07 - e

The t:e down bclts are made "ceptive” by reducing the shank diameter

to that of the thread root Thus the effective stress aree will] be e

slightly smaller than the typical handbook velue for a 10-32 screw v

2 2 2 -

A*ap = Pl * dia” / 4 = 3 14 ¥ (0.152)" /4 = 0 018 1n <

‘o~

Thus Poe = 91 E+03 % 0 018 = 1651 1b ’
and Fu' = 140 E+Q0Z » 0 018 = 2540 1b

N
RN .r:':\'-"\.r\-\.f\
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The expected tightening torque 1s 30 to 34 in-)b. Thus for minimum
friction (u =0 07t4) and marimum torque (using the "“nut factors" {from
reference 2 6)

X =
rmaxPRE 44 4 34 1510 1b

For an average fraiction value of u = 0.1,

X =
FanPRE 6.5 34 1241 1b

and for the maximum friction value and minimum torque,

= X =
FminPRE 286 & 30 864 1b.

This min:mum preload will be reduced an additional 20 % for the
gapping 2nalysis which will {follow.

The margin of safety can then be calculated using 2 safety factor of
twe on the external interfece load.

MSt = (2540)/(2 * (1-0.61) % 500 + 1510) - 1 = 0.34

Using an average value for the coefficent of friction, and a safety
factor of 1 4 on the resulting pretension. '

MSt = (2540)/(2 *» (1-0.61) * 500 + 1.4 % 1241) - 1 = 0.19

Gapping of the joint under minimum mounting torque and maximum torque
friction must be considered. After the 20 % relaxation {from the
initial preload, a preload of 0.8 x 864 = 691 1b. If the mounting
flange fraction of the external load were to exceed this minimum
preload. gapping would occur.

MS = 691 / (2 x» 0. 61 ¥ S500) - 1 = (0.13.
gap
The shear loading comes from the X-axis and Y-axis loading.

From the previous free btodv diagram,

F = F /¢ + F__ 12

n

o]
[
(o9}
"

+ 10 4 / L 51.1 1b

= ' + W ) % Y6 /& olts
u::]t brace ¢ b

= 14 95 +« 0 28) % 4 0 / 2

and F = F " e 05T 2521 1
SXY SK sy

in

10.5 1b

To avoid slipping between the fi1lter and the FEB baseplate, the
mex1imum poscsible shear force 15 celculeted uvueing a triction value of
0 15 between the membercs and the relaxed minimum bolt preload

F = 0 IS % ¢°1 b = 104 1D
fric
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Thus MSclxp = 104 / (2 % 52.1) - 1 = -0.01

For load zese #]1 and #2 the margin of safety for slipping is negative
for the worst cese minimum preload, however the mounting bolts can
absort the shear load

MSs = (91E+03 x p.018) / (2 *» 52.1) - 1 = 14.7
(For load case #Z the bolt shear margin of safety is 9.8.)
Since these mounting bolts sustain both tension and shear, the effect

of both stress are combined through calculation of the corresponding
"factor cof limit load capablilities"” which are then combined.

FLCt = MSt + 1 = 0.34 + 1 = 1.34
and FLCS = MSS + 1 = 14.7 + 1 = 15.7.
1
Then FLccomb = ) 7. 1/2 = 1.33

((1/1.34)" + (1/15.7)71

Margin of safety summary, filter module mounting bolts:

LOAD FILTER MOUNTING M5 MS BOLT MS

CASE 2.0 8F 2.0 & 1.4 GAP SLIP SHEAR COMB
1 0.34 0. 19 0.13 -0.01 18.7 0.33
2 0.49 0.32 1.32 -0.31 9.8 0. 48
3 0. 50 0 32 1.38 2.89 60 .4 0.50
4 0 Se 0. 37 2.0l 2.42 53.1 0.56

The mounting flange must withstand the bending produced by Fzmax'

125 in-1b

t
~
u

= ¢ * 2% 0/ 0 0 073 % (0 62537
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U

’

= 1973 psi :

'I

Shear strece 15 elsc present., f
<

= / .
7;;ear rzmax Ashear t‘

= 500 / (0.973 %x 0 625) = B22 psi ﬁ

The combined stress 15 then L
- Z x 2,1/2 -

“max ("Eénd) v 3 (Cshear' ) j
= ((1973J2 + 3 % (822)2)1/2 = 2435 psi :;

‘P

‘e

The margin of safety 1s then b
Ml
MS = 42 E+03 / (2 * 2435) - 1 = 7.6. Ny
ubend &:

Checking tor vield,. ;
N

MS = 35 E+03 / (1.25 x 2435) - 1 = 10.5 >

vybend '

.

The flange geometery for tension failure is ﬁ{
g
o

Ty Y vy
5\4:"'1 'I.l..{.‘/-’f_ | LY

i’
W
e S YA
L]
where At = (b - D) x .;
2 N2
= 0 973 - 0 25) ¥ 0. eZ5 = 0 45 in = e
P, = 42 E«03 2 0 45 = 1 9 E+04 1b -
)
The maximum shear load was 52 1 1b (While this resultant shear does }-
not a&:! act to produce the tension tear out, using the total shear .
load 1c the conservative approach. ) e
s
Thus MS = 1 9 E+04 / (2 % 52 1) - 1 = 181 A
viear i-
Checking tor vield by using as safety factor of 1 .25, =
3 = 35S E+03 * 0 49 / (1 25 % 52 1) - 1 = 242 -~
yvtear N
l.\
I.~
’
?-.
-
.2
- —)"‘
N O S A S A R R o8
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The geometry

Then

A
S

MS

Checking +~-r

M5

bru

1200

/I (2 *® 52,

0.8 x 42 E+03 x 0.036

1) -

i

FEB ZTRUCTURAL ANALYESIZ
for shear tear
|
= £ ) 192 x ) 2S5 = 3 i n
shear - 27 E+O3 % 0 z4_/ 12 % S5
“he bear:ng 3trength
' e
i ¢’
0 /9
H 7 Z=0.
—
D=0,9 L
r=06258"
a'D =019 / 0.19 = 1 3
D/t = 0.19 / 0 825 = 0.30
= 0.8
= x = ) 3 =
br D t 0.19 0.188 0.036
= X x
kbru 7? Abru

1200

10.5

REV H

.2
in

Margin ot satety summary for filter mounting flange:

LOAD
CASE

1

-
~

MS BEND
TENS YIELD
7.6 10.5
16 7 226
17 2 23 .1
26 6 35 7

M5 TENS
TENS

181

TEAR
YIELD

242

166

948

835

M5

SHEAR

61

MSE

BEARING

10

4

F=b

1988 Pagqge
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§ S Diagonal braces

Tha +rees bodv f:2qram for the dJiigona. bracea 13

-

‘-

2 <

"

"

X ¥

> :’SFI "Fl’é

Fax -

Z. ot o the2 upper 2nd A 13 simply pinon2g S22t 0N cor12s 3t thls o o:ng o
3UmM wvec:idrialy to proauce an axial force :n the bdrics Due to -he -
X-ax1s acceleration, r
2 4

= Lo ~e o a - N

. = F { siniwl ) = 471,353 39 = 523 1b "

axglaix zx N
Lo
Z-axis acceleration also produces loading in the brace, t@
F = F /{2 =W x ZG / 2 -
zz zb brace b
= 0.28 x 2.7 / 2 = .38 Ib o]

‘ . . <

Tue corresponding axial force is %
l&b

. 0 " S

F.__. = F / sin(63 ) = 0.42 1b i

axialz zz !

Y-ax1s acceleration does not produce any axial loading in the brace o
F_. . = F__. + F__. = 529 1b. .

axial axialx agialz T

*

The 10-32, type AZ86, bolt at the upper end, A, has shear loading

-

onlvy. 3
S

pus = 91 E+03 * As = 91 E+03 % 0.02 = 1820 psi ::

Thus the margin of safety is %"
]

M5_ =P /(2 x F__ . ) 1 P

5 us axial "

= 1820 / (2 % $29) - 1 =0 72 )

The tenison Joading on bolt A comes from Y-axis accelerations on the i
welght of the brace. )
F o= (W / 2) % YG = (D 28/2) % 4 = ) Sp Ib -

VA% brace e

For all load cases this tensile loading 1s s50 smajll] that the total
tension loading 1s essentially that of due *> the bolt preload

The expected tightening toraue 1s 30 to 34 :.n-1b Thus for minimum -~
friction (u =0 0784) and maximum t2raue -uc:.nqg the “"nuyt factors” trom I
o
s

R REAT AT h)\_-_\,\..-.‘-'_\ A IS I _'-__\‘\ >~
\J"\.‘\:‘;!J' - Y ‘. - \J' ..\.)_. ~ o B
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reference 2 6)

x = 0
FmaxPRE 14 4 34 1510 1b
For an average friction value of u = 0 1,
X =
FaquRE 36 .5 34 1241 1b

and for the maximum friction value and minimum torque,

= ‘ =
FminPRE 28 .8 30 864 1b.

This minimum prei12ad will be reduced an additicna: 2o % o
slipping 3analysis which will! fcllow

e ]

*he

The external intertace load is so small that a joint diagram is not
needed . For the maximum preload

MSt = 140 E+03 « 0. 02 /7 (2 ¢« Q0 + 1510) - 1 = Q.35

and for the average preload
MSt = 140 E+03 x 0.02 / (2 x 0 + 1.4 x 1241) - 1 = 0.61

The shear loading a bolt A is large enough that "slipping”“ at this
joint will occur. But from the above analysis the bolt itseif can
absorb the load.

Since these mounting bolts sustain both tension and shear, the effect
of both stress are combined through calculation of the corresponding
“factor of limit load capablilities” which are then combined

FLCt = MSt + 1 = 0,85 + 1 = 1.85
and FLC5 = MSS + 1 =172 + 1 =1.72.
1
Then FLCcomb = ) > 172 = 1. .26

{C1/71.85)" + (1/1.72)71

The tlange geometery for tension failure 3t bolt connection A

§>\
\ -
J —
—R Y
& —_—
a””gy/ 4\:30
0.2¢

The ultimate strength for tension tear out 135
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(0 2%- D/2) *» t + (0 312 -D/2) % t

(0.25 + 0 312 - 0 25) % 0 5= 0 .16 1n o?

P 42 E+03 x*» 0 16

= 6552 1b
u

The marzimum 2arial load was 529 1b.

Thus ME = 6552 / (2 % 529) - 1 = 5. 2.
utear

Checking for vield by using as safety factor of 1 25§

Msvtear = 35 E+03 x 0.16 / (1.25 ¥ 529) - 1 = 7.3

The geometry for shear tear out

is essentially the same as for tension
failure.

0. 16 in2

Then M

S = 27 E+03 x 0.16 / (2 * 529) - 1 = 3.0.
shear

Checking for

\2:075<

T

the bear:ng strength:

19

yd 4 o C.5%0.27%
3\,1& 037 A_ A LS
O —

K = 01175 i

P=c.27 FoR /L= 0377 .
0-32 HELICOIL — = 0./0F o~

Vs

"'c'\.'l",' LR

Tz
g/

y ¥ »_¥

)
i Abru

P
I N

42 E+03 » 0

e m
o b

o ¢,
s
‘. " .l L]
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FEB STRUCTURAL ANALYSIS REV H
Margin ot safety summary. bolt A of diagonal brazce
LOAD BOLT A TENS BOLT A MS TEAR OUT SHEAR
CASE MAX AVG PRE SHEAR COMB TENE YIELD QUT
1 0.85 0 61 07 0 26 S 2 7 3 3 0
2 0.85 0.61 9.6 0.83 37.1 49 9 23.5
3 0 85 0.81 8.7 0.82 34 1 45 . 8 215
4 0 85 0.61 5.3 0.78 21.8 29 S 13 7

The mai1n body of

the diagonal brace must withstand tension, bending,
and compress:ion buckling
A, = (0375 £ 0. 5) = 0 188 in’
= = = 2 9 <]
Then 01' Faxial / At 529 / 0.188 81 psi
The reaction at bolt A is applied to one side of the brace, so a 1
bending moment is produced in the brace. >
]
¥
Faxi N
. 4x14 44& 3.
S S N I o &
0.7 qﬁﬁx’u ~
T L
M =F , 0.25 inch = 529 * 0.25 = 132 in-1b
o] axial
YA
= X x
Then gg;nd 6 MO/(0.375 (0.5)7)
= 6 % 132/(0.375 % (0.5)%) = 8456 psi
The total tensile stress is then
aTEns =5T *égénd = 2818 + B456 = 11274 psi
Then MSUt = 42 E+02 /f2 % (1274) - 1! = (. 88
Checking for vield
MSvt = 35 E+023 /(1.2S x 11274) - 1 = 1.5
When the brace undergoes compression buckling may Qccur For the

FeD

1988 Page 4.

B8EARING

30

diagonal brace the cross section area is 0 1875 in  and the radius :
of gyration is 0 108 inch For the compression load the bolt A end is .
simply pinned. The end at bolt B which attaches to the baseplate will "
al3o be assumed to be simply pinned as a zonservative case Then from
Euler’s formula for column buckl!ing, the c<ritcal buckling load is }
.
I',_‘
.
ﬁ-
e
)
I
-\ o
c.‘ '
e o T 0 o L A S 0 0 A o T S S S Y
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’
5 >
[ -\4
P = (PI)Z 4 E £ A x (r/L) 3
[od ?\
2 N .\
= (3 14)° x 1 E+07 & 0 187S ® (0 108.13 3 ™
c‘
= 1220 1b ]
I%
The margin of safety for buckling is then 2'
"
= 2 2K ) - ’
M5, ek 1220 / Fixial 1 i
= 1220 / (2 % 529) - 1t = 0 15
(If the end at the baseplats were considered tully :izmpe: +he marj:n f
of satetv would be ! 385 =
Margin of safety summarv for diagonal brace bodv- ) ’
LOAD MS TENSION MS TENSION MS N
CASE ULTIMATE YIELD BUCKLING )
‘\
1 0.86 1.48 0.15 Y,
2 10.5 14.3 6.1 :Zi
o
3 9.5 13.1 5.5 3
4 5.9 8.2 3.3 -]
)
v o
At bolt connection B of the brace to the baseplate., both tension and A
shear is carried by the bolt. From the previous free bodv diagram, {‘
the tension in bolt B is E.
:r
= F + F "
Zmax ZR 2z i
= 470.5 +0.38 = 470.9 1b =
Part of this interface load is taken by the mounting flange of the -
brace. The joint geometry {fits case 2 of reference 2.5 ?
A =prx?-p% a4 L3
'+ p1 x TD . =
/D - 1) x (D &L /5 + L “/100) / 3 .
W W ] ] -
2 2 e
= 3.14 x (0.375 - 0.197) [/ 4 - DA
+ 3.14%(0.375/0 375 - .1)%x(0.375 # 1 3 /S + 1 . 3“:;100) / 8 if'
2
= 0.103 in o
o
The fraction of the external interface load taken by the mcunting O
flange 1s )
A) x E] i‘
FRAC =
x X
Ag Eg + A, E v
N
A
L
:J‘
.::-
R e oy L Ly e o e T T NN
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X N 103 x 1 E+97 0 2
. 0 018 % 2 .91 E+07 + 0 103 % 1 E+07
. The tie down bolts are made "captive" by reducing the shank diameter -
to that of the thread root Thus the effective s5tress area will be "
slightly smaller than the typical handbook value for a (0-32 screw )
» .
2 A = Pl X dia’ / 4 = 3. 14 % (0.152)° /4 = 0 018 in° i
] cCap i
'}
ﬁ Thus P,, = 91 E+03 % 0.018 = 1651 1b -
- and 2 = 140 E+02 « 9 913 = ZTid % -~
Hd ut ol
I. ‘(
. The expected tightening torque is 30 to 34 :1n-1ib Thus tor minimum ::
) frictiion (u =0.0784) and maximum torque (using the "nut tactors” from T
reterence 2. 6)
LY
= X = &
FmaxPRE 44 4 34 1510 1b
For an average friction value of u = 0.1, ::
= b 3 = ;
FangRE 36 .5 34 1241 1b :.
\.
and for the maximum friction value and minimum torgue, :f
"
N = X = o~
FminPRE 28 .8 30 864 1b. ~
This minimum preload will be reduced an additional 20 % for the i
gapping analysis which will follow. -
o
The margin of safety can then be calculatsd using a safety factor of :;
two on the external interface load. :f
MSt = (2540)/(2 % (1-0.7) % 471 + 1510) - 1 = 0.42 ™
.~
o
Using an average value for the coefficent of friction, and a safety $
factor of 1.4 on the resulting pretension Ny
.
MS, = (2540)/(Z % (1-0.7) % 471 « 1.4 % 1241) - 1 = 0 26 :
Gapping of the joint under minimum mounting torque and mazximum torgquse :
friction must be considered. After the 2C % relaxation {from the <
initial preload, a preload of 0.8 % 364 = 271 1b. If the mounting -
flange fraction of the external load were fto exceed this minimum j*
preload, gapping would occur.
MS = 691 / (2 x 0.7 x 471) - | = (0.05 -
3ap e
The shear loading comes from the X-axis and Y-ax1s 3iccelerations 3
‘A
From the previous free body diagram, e
,
F =S5 xF /2 +F /2 "
5K X Xb "
[
,l-
o
L%,
.
-~
\'
D O T A e o e O R T A A R A o
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are sy g

S * 91.8 /2 + 104 / 2 = 235 1b

2

; N
Fsv wbrace YG / 2 bolts i?

= 028 x40/ 2 =20 56 1b .

"

and F = ((F_ % v (rF H)HY2 L 235 b Ny
SXY SX SY o,

»
This large shear force will produce slipping between the brace and the }:
bottom plate. However bolt B can absorb the shear load =
MS = (91E+Q3 % 0. 018) / (Z % 228 - 1 = 7 % }f

S5 .

Since th2se mounting bolts sustain both tensicn and shear. the effec! :f
of both stress are combined through calculation 9f the correspcnding R
"factor of limit load capablilities" which are then combined. {
FLC, = MS, + 1 = 0.42 + 1 = 1 4 -
t t v

o

and FLC_ = MS_+ 1 = 2.5 + 1 = 3.5 -
s S o

1 W

Then FLC = = 1.31 1
comb roys1oazr® v 1s3 5 EtE 3

7

Margin of safety summary, diagonal brace mounting bolt B -
e

LOAD BOLT B OF BRACE MS BOLT ME :ﬁ
CASE 2.0 SF 2.0 & 1.4 GAP SHEAR COMB i‘
1 0.42 0.26 0.05 3.4 0 :1 -
2 0.63 0.42 5.45  20.5 0 53 o
NG

3 0.63 0.42 4.93 20.6 0. 62 [’
4 0.60  0.40 2.86 11.9 0 59 N
S

The flange geometrvy for tension tearout at bolt B of the brace is ;i
\\\“/ W

2.8 s L}

oAl b .

iy .

/, { !

o.sﬁ/.'*"—

- V‘\'/ . ..‘-‘
~f o15° 1o 3
=
The ultimate strength for ‘ension tear out 15 ;:.
-

a LI
Pyt ALt 3
where A = 2 % (0 8 & (0S5 -0 19) « 93 & (0% - 0 25, L

t
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~
<

= .75 1n =

Pu = 47 E+03 # 0.75 = 3 1 E+04 IV

The maximum shear load was 235 1b (While this resultant shear does
not all act to produce the tension tear out, using the tota! shear
load is the conservative approach.)

Thus MS = 3 1 E+04 / (2 % 235) - 1 = 66 .
utear

Checking for vield by using as safety factor of 1 2%,

MSvtear = 35 E+03 % 0.7S5 / (1 IS % 235) - 1 = 38

The geometry for shear tear out isS

< b g o v 1

Al = 2% (05 % 1.3) =0.78 in® '
Then MS = 27 E+03 % 0 78 / (2 % 235) - 1 = 44. h
shear ,
Checking for the bearing strength. i
-
7
e/D = 0.3 / 0.19 = 1 b
D/t = 0 19 7/ 0. 8 = 0 24 .
vieid a k 1.5 '
ru .
A = D x t = 0 19 2 0 8 = 0 15 lnz
br
a X %
Then pbru kbru 7? Abru '
i’
RN R A N I N N NN NN A AR -
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“

= 1. S5 % 42 E+03 * 0 15 = 9576 :\
e

7 2 & 2 - E ]

MS, ., = 9576 / (2 35) 1 19 ?f
Marg3in ot safety summary, brace mounting flange at bolt B .:':
IS

Y

LOAD MS TENS TEA MS ME =%
CASE TENS YIELD SHEAR BEARING . ':
L)

1 86 88 44 19 -
2 a09 546 275 124 v
“

.‘-f

3 3§12 S49 274 128 .
)

4 247 329 1865 75

S 7 Top filter straps s
_ v
The top filter straps tie the top corners ot the filtar modules ]
together The geometry 15 a U-channel with a solid area where the N,
diagonal braces attach. ‘.
S

-l PR

[ 1 [

e o Do

- 'l-“l
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oS H !
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- HEEESJES.
{ ‘7;"‘ { 'A
Gias !‘_a é’ : :.r*
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The cross section at A-A’ has shear loading produced by sz, :.‘f
tension loading produced by (F /2 + F__/2), bending stress y
. X xlg .

produced by F” and bending stress by the lateral component of N
axial L_, :)1 J,s'/-;-ﬁa/z_ [
-0L5 Toar

H - | ):.

- N

T :

X puE To L

e -- == \‘—-, T T T T ) — A-41'S  ACCFLERPATIons -
- 3 .,’ lF ._'-
F;/ +"x‘f/ M\L \ X .::‘
3R e P
2x /h LXN ‘._‘

®

The shear produced stress 1s 7
g

v

/ N~

V; * sz Acrmn _'\;_

~
= 471 / (0 7?5 % 0. 125 + 2 x (0 125 % 0.5)) _\;

i-.u
3

o

N

e

o
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h\
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e 1
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18

= 371 / (0 219) = 21S1 ps1
(Thi1s 13nores the weight of the channel 1i1tseif )
Shear 1s also produce by the torque on the channe! by F_
T, = sz £ 0 375 = 471 * Q 275 = 177 1n-1lb
From section 5.9, the worst case loading from the cross strap to the
IF moduyle s
F = 11 lb 2 ¥YG / ¢ 4 ) = 11 1b
Yy
which also produces a torque
T = F £ 1.3128 inch = 14 .4 n-1b
y Yy
for a total torgque of 19! in-1b. One half{ of this torque 1s resisted
by the channel on each side of the attachment. The torque produced
stress 1S5 appoximated by considering the channe! cross sectish area to

be distributed at an effective radius of 0 375 inch.

= ! X
,-5 (191 2) 7 (Achan 0.375)

= (191 / 2) / (0.219 % 0.375) = 1163 psi

The tension produced stress is

T (Fx/Z + Fxb/Z) / Achan

= (91.8 / 2 «+ 10.4 / 2) / (0.219) = 233 psi

The bending stress produced by the moment from F__ depends upon
the moment of inertia of the U-channel around théxz centroid.

%’MOZ‘ZC/IZ

- x x
(sz 0.3125) z, / Iz

= 471 % 0.3125 % 0.384 / 7 .96E-03 = 7093 psi

The bending stress produced by the moment from F depends upon

the moment of inertia of the U~channel around thgxﬁaéentroid.

The moment produced by the lateral force from the diagonal brace 1is
resisted by the channel on either side of the attachment point.

M = (F . X Cos(63) x (0.65-0.3125)) 1 2 sides
oy axial

a (529 % 0.45 * 0.3378) 7/ 2 = 4C. 2 in-1b

b 4
Thus a:} = Mov vc / Iy

o e T <
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= 40.2 % 0 375 / 1 676E-02 = 906 ps1 .

.

Adding the three components o0t tensile stress and then combining with ]

the shear stress )

- 2 R 2.1/2 e,

dTBt = ((233 + 7093 + 903 + 3 %X (Z2151+1163)7) t;

= 1 0E+04 ps1 t:

i

The ultimate margin of safety is then >

P

ME = 42 E+02 /02 x| JE+24 - 1 = 1 1 s

tu >3

7

Checking for vi=ld with a safety factor 2f 1 2% e

MS = 35 E+03 /(1.25 % 1 QE+04) - 1 = 18 s

.

Marg:n of safety summary. U-channel! bend:ng at diagconal! bracs -~

W

LOAD SECTION A-A" )

CASE TENS YIELD N

1 1.1 1.8 .

‘l

Ml

2 7.7 10.7 :5

4

.

3 11.3 15.3 N

4 6.7 9.3 :

-“‘

The captive screws that attach the U-channel! to the top of each filter rY

are full diameter, type A286, 8-32 screws. i

Thus P = 91 E+03 x 0.014 = 1274 1b e

us F

and P,, = 140 E+03 % 0.014 = 1960 1b o

»

The expected tightening torque is 24 to 26 in-1b. Thus for minimum ;

friction (u =0.0784) and maximum torque (using the "nut factors"” from ™
reference 2. 6)

R = ik ::’

FmaxPRE 47 6 26 1238 1b -

For an average friction value of u = .1, ;

EY x = )

FaquRE 39.5 26 1027 1b .

and for the maximum friction value and minimum torque, A

=2 x 2 = .':

Fm1nPRE 31 4 24 754 1b :

This minimum preload will be reduced an add:tiona! 20 % tor the -

gapping analysis which will follow o

>

To determine the division of the external i1ntertace load be'weesn the i

W

)

T T JL SR PP 0

PN ’
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top brace and the bolt., the effective joint area ot the brace 15 first
calculated.

The joint geometry {fits case 2 of reference 2 S

-

A =Pl % (D% -D.%) / 4

) . pra? /b ™ 1) x (@ LS +L 21000 /8
] W W J ]
= 3.14 % (0.375% - 0. 164%) 7 4 .
+ 3 14%(0 75/0 375 - 1)%(0 375 ¥ 0 125 /S + 0 125-:100) / 3
= 0 096 in°®

The fraction otf the ezternal interface lcad taken bty the top bracs is
A]*E

)
AB x EB * AJ + E

FRAC =

]
n.09%# ¢ 1 %07
0.014 x 2.91 E+07 + 0.0%96 x 1 E+07

il
(=]
~3

The maximum filter attachment screw load was determined {from the free
body diagrams of section S.6.

Fzmax = 500 1b
The margin of safety can then be calculated using a safety factor of
two on the external interface load.

MSt = (1960)/(2 % (1-0.7) x 500 + 1238) - 1 = 0.28
Using an average value for the coefficent of friction, and a safety
factor of 1.4 on the resulting pretension.

MSt = (1960)/(2 % (1-0.7) % S00 + 1.4 x 1027) - 1 = 0.13
Gapping of the joint under minimum mounting torque and maximum torque
friction must be considered. After the 20 % relaxation {from the
intial preload, the preload is 0.8 x 754 = 6§03 1D If the mounting
flange fraction of the external Joad were to exceed this minimum
preload, gapping would occur.

M =2 §03 / (2 x 0.7 x 500) - L = -0 14

s
gap
This negative marqgin of safety occurs only for load case #!l. The {ree
body diagram of section 5 4 assumed for simplicity that each filter
was simply pinned at its attachment to the baseplate and that the
resisting diagonal brace was perfectly rigid. The actual case 15 a
statically indeterminate case, in that the filter flanges are clamped
to the baseplate (no rotation) and the diagonal brace will have some
strain displacement. Thus the actual loading at the top strap will be
much less and a positive margin of safety should result

From the free body diagrams of section S 6 the max:mum shear load
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produced by Xx-ax1s iccelerations 1s ::
S
= F /: - T : A

st rx Ab b

]

= 91 8 / 2 + 10 4 /2 = 511 1b ~t

e

,

The shear produced by y-axis accelerations is >
i

F. =W YG / 2 ends o

Sy brace e
= 0 28 x 4 / 2 =0 56 1b .

= ( y 2 2 ;o

and stv {(st “ + ({F )“‘1 = S1 1 ;
1b Y P
‘J‘

To aveid slipping between the top strip 3and the top o¢f tha {iltar tha ﬂ
ma:ximum pe3sible2 zhear fcrce i1s czalculated using 3 tr:crisnm ralus : Y
0 1S between the members and the relaxed minimum tclt prelcead 3
“\

,
F . = 0.15 x 603 1b = 90.5 ]b ¢
fric oy

Thus MS .. = 90.5 / (2 % 51.1) - 1 = -0.11 b
slip o)
The margin of satety for load case #1 is negative; however, the :\;
mounting bolts can absorb the shear load. ™
MSS = (91E+03 *x 0.014) / (2 % 51 1) - 1 = 11.5. f
Since these mounting bolts sustain both tension and shear the z{ffect :;
ot both stress are combined through calculation o2f the corresponding i
“tfactor of limit load capablilities” which are then combined. -
I
FLC, = MS, + 1 = 0.28 + 1 = 128 f

and FLC = MS_ + 1 = 11.5 + 1 = 12.5. a
S S W
Th FLC 1 27 3
en = = 1.2 :_
comb r 4y 2808 & (1712 5,212 -

Margin of safety summary, top strap to filter top bolts: K
LOAD TOP STRAP.--»FILT MS MS BOLT ME -
CASE 2 0 SF 2 0 & 1 34 GAP SLIP SHEAR COME )
1 0 28 0 13 -0.14 -0 11 11.5 0 27 .“'
2 0 42 0 24 076 39 68 0 42 -
3 0 42 0 24 081 45 76 0 4z %
\--

4 0 17 0 28 1 74 23 45 0 37 “
W
v
o

\J‘

o

)

.-

=

Y

z'ﬂ L%
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~ oo

L

The 3eometry fo0rs " >*nsion tear »2ut s

h A

A TPy
1

~
(]

LI

'S

(LS

The ui*:ma->» s-r=>*n3°% >r SMILI3n T2ET Su”

LA

=4
-
L2

. 3 l o]
where A= X[ ] ST e (0 57T -DrZIox ot

»
iy

« w ¥
L 4

?;’ ‘n’ \(

=2 % {0 .65 - 0.375/2 3 * 0.125 = 0 116 in =°

>

Pu = 42 E+03 * 0.116 = 4856 1b

s A

The marzimum :zhear load was S1.1 1b. (Mot all of this resultant shear

load acts to produce the temsion failure, but using the total is the
conservative approach.)

o5

s
5 9%y

Thus MS = 4856 / (2 * S1.1) - 1 = 47
dtear

Checking for vield by using as safety factor of 1. 25,

a ¥ Rl
*eld

[N

o e

MS = 35 E+03 *x 0.115 1.2 % 51.1) - 1 = 62
ytear

." :' o
e

The geometrv for shear tear out 1is

T,

.
= e

B
Ry o,
"y et

e

AT TR
AU
R T

(a8

It
v
-

As = 2 % (0.125 » 0.6) = 0 1% in

Era

Then MS = 27 E+03 * 0 1S5 / (2 *x 51 1) - |
shear

"

39

P

CTRT A

Checking tor the bearing strength

/\.'l'.' o 0

L o

w25

TR AT N R R R LV e R A SN I
- - - S LRSS
R T e o AN v




TN 2036-1310 NR/Q! FEB ZTRUCTURAL ANALYSIS REV H Fop 1758 Pz2ge £ i;
l.‘
- - F"
e/D = 0 & / 0 375 = 1 o o
)
™
D/t = 0 375 / 0 15 = 2 5 :—
vield a k 1S 2
bru »
2 5
A = D *x t = 0 375 % Q0 1S = Q0 0S%63 1in o
br -
= «
Then pbru kbru VT_ Abru 3
= 1 S ¢ 347 E+03 *» 0 3Snl = 1544 -~
o
-l'
MS = 3544 . (2 ¥ 31 1) - 1 = 34 s
br -~
"‘-.
Margin of sataty summary. top strap attachment to filters: g
]
L3AD TENS TEAR ZHEXR BEARING [N
CASE  ULT YIELD JUT ;:
1 47 62 39 34 ;:‘;‘_
W
2 263 3s1 219 192 ]
Y
3 292 390 243 213 oy
2
) 175 234 146 128 ot
Y
$. 8 IF module E»
S
The IF module is a double-width module with twelve 10-32 K
attachment bolts. Its weight is 11 1b. The CG is 6.625 inches above C
the center of the attachment screws. Bracing from the top of the IF 0k
module is provided over to the top of the filter modules. This ;I
results in a statically indeterminate case which is difficult for hand k
analysis. The following analvsis will show that the IF module ;\»
attachment to the baseplate by the mounting feet zlone is sufficient r:f
The actual loading on the mounting feet will be less than the values ?,
which result from this conservative 3analvsig 3ipproach f:
r_ oy ro = y L
,TC’*-"_.'@J._ - _\@_' - - L& - & — r-n .\"
g o 3
e . X 2
CEANN: 1 ‘. & 8. g
h . ¢ 5
L/,tl’-‘i‘— 3 3 3 —*-/.!I‘,(— L
; i~
i | |
-
The tensile 3tress on 2ach bolt due to Z-3az1s iccelerations 13 :
SN
Fo_ = W, * 26/ 1l bolts E
A
F_. = 11 1b &« 2 7 / 1I boits = 2 % 1b N
3
L
-'\

.
e
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The X-ax1s acceleration produces 3 moment, M_x

J
Mox = 6.6¢5 1nch * 11 Ib ¢ XG = 2701 in-1b
This 1s countered by
Y A 14
’ ! ! Cll
ST
1
Q " // - ;o v
.z /'/ Foe 774 =, r v//uc..’/ =M,
v ‘ ) -
4 ‘ //" nox §
1 /
S
F = M /(4 « 1 9% t 5 71 = T4 2 1p
zx IR
For accelerations along the Y-axi1s, the moment produced is
Mov = 6.626 inch x 11 lb % YG = 291.5 in-1b
This :z :cuntersed by
F
aon
»
F?Y 2+ +: r(.;:f//,:;)/l=m‘,., ':_
A
Y
F = M /(2%(4+2%0.5)) = 29.2 1b N
zy oy <
The bolt at position A suffers the maximum loading for all load cases ::
except load case #1. >
13 = F X 4.5/6.31 + F + F .
Amazx ZR zy M4 -
= 54.9 % 1 5/6 31 + 29 2 + 25 =708 1b o
LOAD CASE F .
Ama x FBmax ’
1 70.8 1b 71 9
2 208 2 116 0
3 81 8 69 7
4 33.5 29 0
As expected by the qeometry. load case %2 1s the worst case
o
These tie down bolts are made “captive" by resducing the shank drameter
to that of the thread root = Thus the effec*ive stress area w:.l be 0
slightly smaller than the typical handbook value for a 10-22 screw }3
o
|..‘|
-1
.)
.__:
oy
R A AN AT AT SN N n
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- 2 L2 2 -
) A = Pl % dia /4 = 3 14 & (0 1S2) /4 = 0 018 1n -
, cap K,
Thus P,s = 91 E+03 % 0 018 = 1651 1b ;

P

and Put = 140 E+03 * ) 018 = 2540 1D -

The =2xpected tightening torgque is 30 to 24 1n-1b Thus for minimum .

friction (u =0.0784) and maximum torque (using the "“nut factors" from v

reference 2 §)

N
T - . .-
“mexfRE = ¥4 1 ¢ 14 = 1T1) b -3

L: For an average friction value of u = 1. .:
= 36 5 & 34 = 1241 Ik :
Fivgpre = ° ! ! 3
and for the maximum friction value and minimum torgue, ;-

. .‘:
» = X = '
menPRE 28 .8 30 864 1b f

]

. This minimum preload will be reduced an additional 20 % for the =
3 gapping analysis which will follow -
>

)

To determine the division of the external interface load between the !

3 mounting flange and the bolt, the effective joint area of the flange >
must be calculated. [

N

. For the mounting feet along the side 3¢ the IF module, -
.\

F

“

by ':\
: 0.2551m 5.937 06&P CounTER RoRE -
The j;o01nt geometry fits case 2 2t referanca . § i
AJ=PI*(DZ—DhZ)/4 , o

+PI %D /D "~ 1) x (D %L /S + L %/100) / 8 \

1w W ) } g

- = 3 14 % (0.375° - 0.25%) / 4 . o
) + 3 14%(0 437/0 375 - 1)x¢0 375 * 0 625 /5 + 0 525°,100) / 8 b
- 0 083 1n’ .

The mounting flange at the end ot the modul2 has two mount:ng 5olts o

but 1s more than twice the width The 2ftective tlinge area i1g }

essentially the same .
"

[]
] -
, -
: N

.

. et e
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'

The fraction of the extermnal interface load taken by the mounting $
flange 1is )
A, *E, 3

= - "

FRAC A_ X E_+ A tE o

B B ] ) N
0. 082 « ! E+9° ) £
0 018 % 2 .91 E+07 + 0 083 & 1 E+07 =0 8l -4

The margin of safety can then be calculiated us:ng 31 zaf=2tw :3c°9r Ot -
{ two on the external interface load. o
MSt = (2540)/¢2 % (1-0.01) ¥ 71 2 + 1510 - 1 = 0 5. ij

Using an average value for the coefficent of {fricticn. 3nd a2 safery t
tactcr of 1.4 on the resulting pretensicn. :{
">

MSt = (2540)/(2 % (1-0.61) x 71 .9 + 1.4 x1241) - 1 = 0. 42 iv

)

Gapping of the joint under minimum mounting torque and maximum torque 4
friction must be considered. After the 20 % relaxation {from the %
' intial preload, a preload of 0.8 % 864 = 691 l1b. If the mounting o
flange fraction of the external load were to exceed this minimum o
preload, gapping would occur. i;
l"

MS = 691 / (2 % 0.66 % 71.9) - 1 = 6.9, &7

gap ]

Lo

The shear loading comes from the X-axis and Y-axis loading. v
F._ = W__. % X6 / 12 bolts b
SX IF U
= 11 % 37.1 / 12 = 34.0 1b f'

F =W _ % YG / 12 bolts -

sy IF -

= 11 % 4.0/ 12 = 3.7 1b 3

-

and F = ((F_ 0% e r 5 Y T 230 2 0k

SKY 5X s5Y )

The center of gravity is directly over the center ot the screws, so i

that no eccentric loading occurs.

'R
.
LA

To avoid slipping between the IF module and the FEB basepliate, the
maximum possible shear force is calculated using a friction value of
0.15 between the members and the relazed minimum bolt preload.

AW T e,

L_\
F._. 0.15 % 691 1b = 104 1b =
fric e
Thus MS . = 104 / (2 % 34 2) - 1 = 35S K
slip f
If the holding friction was not sufficient. the mounting bolts c - u ~
absorb the shear load ;
‘G
&
- )
A%
L
3
-
g
e e e N N N ST SN N T
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»

d MSS = (91E+03 * 0.018) /7 (2 % 34 2) - 1 = 23 "
.o "
-

Since these mounting bolts sustain both tension and shear, the effect 4

2f both stress ire combined thrasugh calculatieon >t the ::rresponding .
“"factor of limi1t load capablilities” which are then :ombined. )

'

FLC, = M5, + 1 =0 62 + 1 = 1 5. 7

' by
¥ and FLC_ = MS_ + 1 = 23 + 1 = 24, Y

1

Then FLC-Amb = - = P = 1 ol .
o Le1/1 82)° + vl/24)°3°°°7 f{

Margin of satetyv summary. IF module mount:n3y btolts ok

2l

LOAD IF MODULE MOUNTING MS MS BOLT ME F

. CAZE 2. 0 SF 2.0 & 1 4 GAP 3SLIP SHEAR COME t
N
1 0.62 0. 42 6.9 0.5 23 0.62 N
\] \
2 0.51 0.33 1.6 0.9 29 0.51 %
¥

3 0.61 0.41 5.9 6.8 123 0 &1 .

}

N 4 0.695 0.44 15.9 4.5 86 0.65 ;
‘ . P
P The mounting flange must withstand the bending asroduced by the Y-axis {
loading. o

2 i ::
” -
. // .
7 :0625 F

b

3 ]

h=0.912 =

M = 0.25 inch % F = 0 22 % 71 9 = 18 in-1b ~
0 Zmax A

, then the stress N,
2 -
» = * ':'
: a?;nd 6 Mo / bt o
]

= 6 %X 18 / ( 0.973 % (0 625)2J S,

&

= 1 Iq"

284 psi N

Y
Shear stress 1s also present, ?{

¢
. Zshear Fzmax ! Ashear ;H
) ..
) = 71 .9 / (0 973 %« 0 525) = 118 psi A
. :-"

TR
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Checking

The

The combined stress i1s then
2 2
— o x o )
max c end + 3 ) shear
2
= ((284)° + 3 «x (118)2)1/2 =
The margin of safety is then
MS = 42 E+03 / (2 % 350 -
ubend
for vield,
MS 35 E+02 / (1.2%5 % 380
ybend
flange geometarvy for tension failure -=
F=043%

FEB STRUCTURAL ANALYSIS REV H

The ultimate strength for tension tear out
= x
pu &TL At
where At = (b D) x ¢
= (0.973 0.25) x 0.625 =
Pu = 42 E+03 x 0.45 = 1.9 E+04
The maximum shear load was 27.1 1b. (Not
load acts to produce the tension failure,
conservative approach.)
Thus MS = 1.9 E+04 / (2 x 34.2)
_ utear

Checking for yield by using as safety factor of

MS

vtear

35 E+03 x 0.45 / (1.

The geometry for shear tear out

S A on 0
»' o » A *

AN LN

e T T <
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A"

o

2 o)

A = 2 % (0.19 % 0.625) = 0.24 in ;

o

Then MS = 27 E+03 % 0 24 / (2 % 34 2) - | = 93 oy
shear g

o)

Checking for the bearing strength ;
g

o

Cd

::'

b

9,

S

2

e/D = 0.19 / 0.19 = 1.0 5

D/t = 0.19 / 0. 625 = 0 30 iy

ield a k = 0.8 i
v & Xpry 7 Y ;‘;:
o

A, =D %t =019 % 0.188 = 0 036 in° -~

br

= } 3 7

Then Pbru kbr‘u 3 * Abru
= 0.8 * 42 E+03 % 0.036 = 1200 O

MS = 1200 / (2 % 34.2) - 1 = 16.7. -

bru . "

Margin of safety summary for IF module mounting flange: ~o
LOAD MS BEND MS TENS TEAR  MS MS 4
CASE TENS YIELD TENS  YIELD SHEAR BEARING =
1 59 79 277 369 93 16 7 )
2 19 25 352 469 118 218 0
3 52 69 1435 1913 484 30 ¢ Iy
4 128 171 1006 1341 339 63 2 >
;:::Z
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S 9 Toms bdraces to IF module k
w
The two top braces which bridge from the top strip ot the tilter )
modules to the top of the [F module provide redundancy to the I
attachment ot the IF module to the baseplate The twelve teet ot the f
IF module are sufficient to hold 1t 1n place The actual loading of $
these top braces 1s a4 statically i1ndeterminate case As 31 worse case ’
calculation ot the loading in the brace. the IF module 1s assumed :
simply pinned at its base Load case # 15 the worst case due to the ']
physical lavnnr 3t the IF module i
N
s o
Foy ~
S

———n

—— ‘AL_ * YG//:S/nij

-

3
34‘
ISP PP AR

Sy —

= ( X 1 ’

Thus Fvv (WIF YG / 2 sides) / 2 ;
o

= ( 11 1b x 28.7 / Z) /2 = 78.9 1b (LC » 2) o

-

s

The cross section of this brace is the same as the cross section of o
the filter top braces. L
. o
- 1 05"y %— P o
i !1 —T_ = o
- P ; ’ .:

o 0,5 / F
F—O/’fﬂ‘ ‘)

aus ~

The cross section at A-A’ has tsnsion !sad:i:ng proaduced by Fvv and t
bending stress produced by the shor* ara of the brace. -{'
v

- L .

0,241 -

’
% 4

Fry - .35%q18 937  0kep e

The tension produced stress 1s !

"
)

> * 7
s v

TP
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7-‘ = /
t Fyy' ! A:han

= 78 9 / (0 219) = 36l ps:

The bending stress produced by the moment trom F __ depends upon
the moment of 1nertia of the U-channel around thé :z centroid

= 3
7:'5 MOZ Z . /1

-
[ 4

B s e w s & =

= (F £ (1.0 + 9 2410 % z_ /1 ~
Yy < z )
= "8 9 « ! 2391 x g 384 / T Q2¢pE-3I = 31730 psi t
~
The total tensile stress 1s then N
e = 361 + 4730 = 509!
tOt - LY,
The ultimate mar3in of safety is then ‘f
Mstu = 42 E+03 /(2 % S¢Q91) - 1 = 3 1. s
]
Checking for vield with a safety factor of .25
MStv = 35 E+03 /(1.23 x 35091) - 1 = 4.5 q
Margin of safety suymmary for tap brace to IF module body
LOAD TENSION .
CASE ULT YIELD &
1 8.6 38.5 K
2 3.1 4.5 .
3 28.6 38.5 i
[} 48 . 4 64 .8 :;
The captive screws that attach the U-channe! to the toemp 0f the IF :?
module are full] diameter, type AZ86, 8-32 scraws. :
Thus P = 91 E+03 x 0.014 = 1274 1b
us “
and P = 140 E+03 * 0.014 = 1960 1b k
ut V
The expected tightening torque is 24 to 26 in-1b. Thus for minimum :
friction (u =0.0784) and maximum torque (using the "nut factors" from .
reference 2.6)
P
x » -
FmaxPRE 47 . 6 26 1238 1b 2
For an average friction value of u = 1, A
o
- b 4 - yi *
FaquRE 39 .5 26 1027 1b
"ffﬁ“ff\?’f\ﬂfﬁﬂfﬂfkﬂfcxﬁffbfff\-ﬂfﬁ?ivﬂﬂfwaff}?fvhffv\?fV\?{C"
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;
and tor the maximum friction value and minimum torgque. f
x = -«
lenPRE 31 . 4 24 754 1b "
This minimum preload will be reduced an additional 20 % for the ph
gapping analysis which will follow o
’
To determine the division of the external interface load between the z
top brace and the bolt, the effective joint area of the brace :s first .
calculated. .
The joi1nt geometry fits case 2 of reference 2 S :
A = Prx % -pt o/ . -
! + PI * TD./D "- .1} x (D _ 4« L /S5 + L _“/100) / 8§
1w W ) ] ‘
= 3.14 % (0.375° - 0.1647) / 4 . - -
+ 3.14%x(0.75/0.375 - .1)x(0 375 x 0.12S /S + 0.125~:100) / & t .
1S
A M
= 0.096 in i
. iy
The fraction of the external! interface load taken by the top brace is i
A3 X EI ..
FRAC = i
X x E. n
AB EB + A] r.] o
- Q.098 x 1 F+Q7 - 0.7 !
0.014 x 2.91 E+07 + 0.096 x 1 E+07 ’
. _ . . hY
Very little Z-axis loading on these screws is expected. The only .
loading is due to the weight of the brace. ! N
)
x . 2
Fzz = wbrace ZG / 2. ends g
"= 0.14 1b % 2.7 / 2 = 0.19 1b 0
%
The margin of safety can then be calculated using a safaty factor of ! f
two on the external interface load. ’ o
MS, = (1960)/(2 % (1-0.7) % 0 2 + 1238) - 1 = 0.58 ! -
i e
Using an avarige value for the coefficent of friction, and a safety ;5
factor of 1.4 on the resulting pretension. i
MS, = (1960)/(2. % (1-0.7). % 0.2 + 1.4 % 1027) - 1 = 0 26 "
Gapping of the joint under minimuym mounting torque and maximum torgque 5
friction must be considered. After the 20 % relaxation {rom the f
intial preload, the preload is 0.8 * 754 = 603 1b. If the mounting L
flange fraction of the external load were to axceed thi:s minimum i .
preload, gapping would occur .
{ =
¢
S
2
‘e
; A
=~ v
b=
, U

AL AT AT AT i e




TN :036-1310 NR/OLl  FEB STRUCTURAL ANALYSIS REV H Feb 1988 Page »2
s = 4 207 %02 -1 = 22
MS L, = 603/ 0 0 2) -1 = 2200

The maximum shear load produced by x-ax1s accelerations 1s

F XG / 2 ends !

2 W
SK brace

= 0 14 1b x 6 /2 = 0. 42 1b 9

The shear produced by v-ax:1s accelerations is

T a W X ¥YG / 2 ends ;
sy brace 3

= 0.14 x 23 7 / 2 = 79 1b

2 nd t ;"
and 3 = ((F_ " « {F_“""" 2 729 1p :
sy SX sy :
To avoid slipping between the top strap and the top of the IF modulse, 5
. the maximum possible shear force is calculated uysing a friction value '
of 0.15 between the members and the relazed minimum bolt praload.
13 = 0.15 % 603 1b = 90.5 1b '
fric
Thus MS_.. = 90.5 / (Z % 7%) ~ 1 = -0.43
slip :

The margin of safety for load case #2 is negative, however, the
mounting bolts can absorb the shear load.

MSS = (91E+03 x 0.014) / (2 x 79) - 1 = 7.1,

Since these mounting bolts sustain both tension and shear, the effect
of both stress are combined through calculation of the corresponding

“factor of limit load capablilities” which are then combined. 3
FLCt = MSt + 1 = 0.58 « 1 = 1,58

and FLC_ a M5_+ {1 = 7.1 + L = 8.1, . .
g 3
: 1l N
Then FLC = = 1.55 . .
€omb ¢4,y 5812 4 (1/8. 1323872 .
Margin of safety summary, top strap to IF module top bolts: ;
»
LOAD TOP STRAP(--)IF MS MsS BOLT MS .
CASE 2.0 SF 2.0 & 1.4 GAP SLIP SHEAR COMB ! E
1 0. 58 0 36 2267 3.0 55 0.58 i
2 0.58  0.36 2267 -0.43 7 0.55 .
k| 0.58 0.36 120 3.1 57 0.58 o)
4 0 53 0.36 1038 5.8 95 0.58 by
,
(
T
V ~
Y
L)
=

—oa - in

P T R DU AU
\_.I,'I .-_'.-_ e e T A

.
L4 - -~ . . - A *m* Y ata " - - " - " - = "'-- - = b - b T a - b . .~ - -
W T L W S e T e e \\.-.-.x ’-.-.'.*."u'\
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The geometry tfor ‘'ension tear out 15
L 4
%rOJ
et}
L= oan e =P
/,
1/,
The ultimate strength tor ifension tear out 1s
pu = Vr__u L3 At
L2 .. 2.1/2
where At = 2%0(C(0.25) + (0.06) ) -D/21 % t
2
= 2 % [0 95 - 0.375/2 1 « (0 125 = 0 116 in~
Pu = 42 E+03 % (0.116 = 4856 1b
The maximum shear load was 79 1b.
Thus MS = 4856 / (2 x 79) - 1 = 30.
utear

Checking for yield by using as safety

MS

3S E+03 x 0.116
ytear

The geometry {for shear tear out 1is

factor of 1.25,

/(1.25 % 79) - 1 =

/
,/f:i;c”

A =
f e
0425 /
A,
A_ = 2 % (0.125 % 0.6) = 0.15 in”
Then MS = 27 E+03 % 0.15 / (2 % 79) - 1 = 25.
shear

Checking for the bearing strength:

e/D = 0.6 / 0.375 = 1.6
D/t = 0375 / 0.15 = 2.
vield a kbru = .5
A = D x t = 0.375 x 0 1S

br

5

= 0 0S63 inz

1988 Page b4
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s
1Y
N,
Then P =k X o— & A o0
bru bru t bru )
= 1.5 % 42 E+03 % 0 0503 = 3544 ’L
= X - = 2 e
MSbru 3544 / (2 79) 1 1 i
Margqin ot satety summary. top strap attachment from filters to IF Q
module i.
LOAD TENSE TEAR SHEAR BEARING n
CASE ULT YIELD ouT :
)
.
L%
1 214 285 178 156 ot
o
2 30 40 25 21 H
”n - Ny
3 220 293 183 160 N
4 365 487 304 266 N
\l
A 10-32., type AZB6, stainless screw attaches the other end of this E
brace to the top of the filter cross straps. These tie down bolts are s
made "captive” by reducing the shank Jiameter tc that of the thread :_
root. Thus the effective stress area will! be slightly smaller than “ul
the tvypical handbook value for a 10-3Z screw.
‘”
%
A = PI x dia2 / 4 = 3.14 x (0_152)2 /4 = 0.018 inz .
cap '
Thus P = 91 E+03 % 0.018 = 1651 1b 3
and Po¢ = 140 E+03 % 0.018 = 2540 1b -
The expected tightening torque is 30 to 34 in-1b. Thus for minimum i'
friction (u =0.0784) and maximum torque (using the "nut factors” from -
reference 2.6) -
Y
X = :I
FmaxPRE 44 14 34 1510 1b 3
For an average friction value of u = 1, {
2%
= p 3 =
FaquRE 36.5 34 1241 1b ::‘
and for the maximum friction value and minimum torque, ﬁ\
J-
x = -
menPRE 28.8 30 864 1D !
This minimum preload will be reduced an additional 20 % for the iQ
gapping analysis which will follow ;,
To determine the division of the external interface load between the &
mounting flange and the bolt, the effective joint area of the flange ’
must be calculated g
For the mounting feet along the side of the IF module, ii
"1.
b
]
N
: A T - RO R NN NI

.o
. AL e e S S . R
RV SRS USRI PO s PRI I DD S BPRP 2
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The joint geometry fits case 2 of reference 2.5

A =Pl x D F-D% /4 .
'« pra¥po/p - 1) x (D, L /s + L %/100) 7 8
Y w ) J
= 3.14 % (0.375% - 0.25%) / 4 .
+ 3.14%(0 625/0.375 - .1)%(0.375 % 0 625 /5 + 0. 625°/100) / 8
= 0 093 in®

The fraction of the external interface load taken by the mounting
flange 1s
AJ * E

]
X
AB X EB + A; Ej

. _0.093 x 1 E+Q7 - 0 64
0.018 x 2.91 E+07 + 0 093 x 1 E+07 -

FRAC =

The margin of safety can then be calculated using a safety factor of
two on the external interface load.

MSt = (2540)/(2 % (1-0.64) * 0.2 + 1510) - 1 = 0 .68

Using an average value for the coefficent of friction, and a safety
factor of 1.4 on the resulting pretension.

MSt = (2540)/(2 * (1-0.64) * 0.2 + 1.4 %x1241) - 1 = 0.46

Gapping of the joint under minimum mounting torque and maximum torque
friction must be considered. After the 20 % relaxation from the
intial preload, a preload of 0.8 %x 864 = 691 1b. If the mounting
flange fraction of the external load were to exceed this minimum
preload, gapping would occur.

MS = 691 / (2 *x 0.66 * 0.2) - 1 = 2B00.
gap

The maximum shear load produced by x-axis accelerations is

F = W X X6 / 2 ends
SX brace

= (0.14 1b x 6 /2 = 0.42 1b
The shear produced by y-axis accelerations is

Fsv * wbrace

= 0.14 x 28.7 / 2 = 79 1Db
2 )2)1/2

and F = ((F_ ) + (F
SXY SX sy

YG / 2 ends

79 1b

To avoid slipping between the top strap and the top of the filter., the
maximum possible shear force is calculated using a friction value of
0.15 between the members and the relaxed minimum bolt preload
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F a Qg 15 ¢« o1 lb = 103  1b
fric
Thus MS = 103 7 ¢ (2 % 79) - 1 = -2 34
slip
The margin of safety for load case #2
mounting bolts can absorb the shear loa
MS = (QlE+02 * 9 0J18) / (2 %« 22y - { =
9
Z1nce tha2se mount:ing bolts sustain boeth ens:ion i
>t bc:th 3tr=2ss 3ire combined thr-owugh calcoculztrion 2
“tfactor of limit load capablilities” whizh 3ire +h
FLCt = MS + 1 = Q.68 + 1 =1 58
and FLC_ = MS + 1 =9 4 + 1 = 10 4
1
Tha FLC = =
Then FLC  ne R

L0171 68)° + (1/10 § "1 ~

Margin of safety summary, top strap to IF module
LOAD TOP BRACE{-->»FILT MS MS OLT MS
CAZE 2 0O SF 2.0 & 1.4 GAP 3SLIP SHEAE COMB
1 0 68 0 46 2862 3 6 71 0.58
2 U 68 0.46 2862 -0 34 9 4 0. S5
3 0. .68 0.46 152 3.7 73 0 S8
4 0 68 0. .46 1309 6 8 122 0 58
The geometry for tension tear out is

—

LY

H

top bolts

'3:
{ N sl

: Lz J(o,a5)? DR
P 7 (.6)
| S

.

The ultimate strength for tension tear out is
pu - ‘u x At
where At = 2x(((0 ZS)2 + (0 6)2)1/2 -D1 & ¢t
=2 % [0 65 - 0. 25 ) x J %5 = 0 S
P = 42 E+03 * 0 S = 21 E+«02 1Ib

u

-
-

s negative, hcowever thea
ot
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:
., The maximum shear Jload was 79 1Ib
N
\ Thus MS = 21 E+03 / (2 ¥ 790 - { = 13
ytear
e Checking for vield by using as safety tactor ot 1 25,
D
" M3 = 35 E+03 X 0 5 / (1 IS % 791 - 1 = 175
yt=2ar
v
? The g3eometry {or shear tear out 15
. /
»
: ki
y [bYs
1
X N N\
'.: /45 2
: AS = 2 %« (0.375 % 1.125) = 0 84 in
J Then ME = 27 E+03 x 0.84 / (2 * 79) - 1 = 143
- shear
; Checking for the bearing strength:
- e/D = 0.375 / 0.19 = 2.0
3
N D/t = 0.19 / 0.19 = 1 i
A vield a k = 1.8 .
N bru ' 7
. AL, =D ¥t =0.19 ¥ 0.19 = 0.036 in? s
= X X .
5 Then  Prrw = Xpru * o7 * Apry N
< = 1.8 % 42 E+03 % 0.036 = 729 N
- \l
» L
A MS = 2729 / (2 % 79) - 1 = 16 2. g
X bru A
¥ Margin of safety summary., top strap attachment from filters to IF Q
5 module: "
. )
" hY
. LOAD TENS TEAR SHEAR BEARING N
¥ CASE ULT YIELD ouT -.5
1 928 1238 1006 119 >
. 2 132 176 143 16 N
: 3 953 12 1034 123 9
4 1581 2108 1715 204 r;
: z
>
I
L ey N P N o L NN T L i
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1 '
, ‘2
i

{ S 10 Synthesi1zer upper deck -
A
: ",

The sysnthesizer subassembly consists ot an upper deck, the

) synthesizers, and a mounting adapter plate The upper 1eck contains ﬁ
y the RF input attenuators and ampl:ters It atrizhes 1o 2 : tar r:kt N
. . ]
with five 6-32 screws and to e2ach synthes:zar with one »-32 rew Y

)
~
A

-~

)

I ‘\
. RS
, Y,
?

! 7

, e —m Z
. -

y First considering the upper deck whose we.jnt with zomponents 15 4 7§ :;
Ib, the Z-ax1s accelerations produce a load of .l
F__ = 4 75 1b % 26 / 11 screws 3
g = 4 75 x 2. 7 / 11 = 1. 2 1b -j
N
) The Y-axis acceleration produces a moment N
o
M = 4 75 lb £ ¥YG ¥ 2 i1nch = I3 :n-!b L;

oY .
)L rm Y &) '-':

et f
v -_"‘-

. 2 .
\ }i
D) _J
)

which 1s countered by F o

zy -
. kS
F = M /(6 ¥ 6 35 1nch = . J b o
zy oy R

) X-axis acceleration also produces a moment, ;
! >,
; 7
w

P

o

i
>

g ).

Y

R ,._' .._‘.._‘ ey

a ay,
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 p e eyt

Mox = 4 7?5 *# XG « 2 i1nch = 4 7% « 37 1 « 2 = 337 1n-!b

NS

FELL G

35.

The total tensile load 1s then g

F_ F

2.7+ 1 0+ 1.2 =215 9 1b

»
<

-

Part of this extermnal intertface load Iin taken by the flange The
, geometery of the tlange is closest to case 2 of refer=nce ..S% The
calculation of the effective flange area is

Ml VDY

3
"

A A =pr x i -p %) ) 4
" "+ prx YD o/p M- 1) x (Dt L /S + L %r1000 /8 o
N Y w ) j .
2 2, W

= 3.14 % (0.312° - 0. 14 / 4 N

+ 3.14%(0.4/0.312 - 1)*(0 312 % 0.2/5 + 0.2-/100" / 8 ¥
= 0.067 in® -
; The fraction of the external interface load taken by the adapter plate f.
is s

. % E. z
FRAC =7 xAé A “
3 B B i i ]
. - D.0h7 % 1 E+d? - 3 72 N
, h 0.00909 * 2.91 E+07 + 0.067 x 1 E+07 re ~
\

the upper deck are tvpe 316 stainlass

The 6-32 bolts used to attach

steel for which

. Y
AR

- g— = 37.5 E+03
- =]

o = 75 E+03

The ultimate bolt strength is then

ptu a 75 E+03 x 0. 00909 = 632 1b

Psu = 37 5 E+«03 # 0 00909 = 341 1b

The maximum bolt

The expected tigthening torque is ? to 3 1n-1b

preload 1s then

Tt \._ 3 ,\ f.v(,isl' -,r.‘ -~ ~ .'r,r\r\-f.vr. ;\r.(- o -,q.r« ol s \.r . .\.r"- e (

SENT AN If Ly R
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) ~ 0

£ =

FmaxPRE 60 8 480 1b "

.
= E 4 = ' 3
and FangRE 50 8 400 1b \:
3 = n'

menPRE 40 7 280 1b h
| The margin of safety can then be calculated using a safety factor of ﬁj
; two on the external interface load -
-
: MSt = ($B2)Y/(Z * (1-0 7Z) ® 253 + 480 - 1 = 9Q 8 )
. Using an averige value for the ~oefficant of fr-:tion, and : sa<ety )
. tactor 21 1 4 on the raesuliting pretsnsicn ;
MSt = (682:/{(2 * (1-0.7Z2) x S 9 + 1t 4 % 400) - 1+ = ) I° g'
Gapping of the joint under minimum mounting torque and maximum torque f’
. triction muszstr be :ccnsidered After the 20 % relanzation fr:m the v
; initi1al preload, a preload of 0. 2 * 280 = 224 1b. It the zdaptar &)
plate {fraction of the external load wer=2 to exceed thiz min:mum i

preload, gapping would occur. o

MS = 224 / (2 % 90.72 % 25.9) - 1 = 5.0

gap L

The shear loads in these bolts are produced by X-axis and Y-axis '~
.' acceleration. ﬁ:
. -
=~
= b S = Ty

psx (wdeck) XG / 11 bolts 16 1b F

= X YG = .

PSv kwdeck) {G 1.7 1b t'

2 2.1/2 ‘ad

= ) .
5XY (B )+ (Pgy) N
59

= 16.1 1b v

To avoid slipping, the maximum possible shear force is calculated E;

¢ using a friction value of 0.15 between the members and the relaxed f‘
' minimum bolt preload. }\
F ) = .15 x 224 1b = 33 6 1b iy

fric \
Thus M5 _ . = 33 .6 /7 (2 % 16.1) - 1 = 0.09 .,

slip -

! If the holding friction was not sufficient, the mounting bol!s mqust :?
absorb the shear load. R

.

t,

MSS = (37.5E+03 » 0.00909) / (2 ¥ 16.1) - 1 = 2.6 )
-"

: FLCt = MSt + 1 = 0.38 + 1 =1 38 ?
’ N
' and FLC = MS_ + 1 = 9.6 + 1 = 10 4
’ s 5 .‘:
Then FLC, . = - A —. = 1 '
- T(1/1 .38)° « (1/10 A 1°7°°
A

‘-'\41 R » PR on s .J“- TR TS e '-I.-‘_
#-‘V\f ._J'-.r'\- .r'r.a.r.r FERC AN

ARG A '\.\.'\..\‘.\.‘-\-\-




'vﬂ
Y
>
gt
[ ]
TN 2036-1310 NR/0O1 FEB STRUCTURAL ANALV3ZIS REV H Fekb 1986 Page 2 -
-
Margin of safety summary, upper deck mount:ng boltsz o
LOAD UPPPER DECK M5 GAP MS SLIP MS SHEAR ME ZOMB Ei
CASE 2.0 SF 2.0 &8 1.4 1
! e
1 0.38 0.19 S.0 0 04 9.6 0 37 \i
o
2 0 40 0.20 11.8 0.33 125 0 39 G
~
\.
3 0 28 0 19 4 9 4 40 53 7 a 2§ 4
3 0 3l 0. 21 15 4 2. 78 37T % 3 10
The upp2r deck must withsrand the bending produced 9n 1ts f!linge by
the Z-axis loading
—-—){ : Y
2,08
/ -
/"'l-’i y Fmax -
= ' x = 9 15 £ 25.9 = 3.89 in-!
Mo 0.15 inch Fzmax J 1 3.839 in b i
then the stress .
= € ! ¢ '.::
agénd 6 Mo b t y

.'- .'...‘.

6 X 3.89 / (2.08 % (0 217

e

ﬂ"

(A
3

Shear stress 1s also present, "
'.\I

l\.

Zshear = Fzmaz / Pshear :

= 25.9 / (2.05 x 0 2) = 63 psi .'-'_:

The combined stress is then %Z
: 2 - 212 o

= X g <.
“ma x ((Cg;nd) v 3 ,( shear) L

2 2 172 R

= ((280) + 3 % (63)7) = 300 ps1: ﬁ

-
The margin of safety is -
r\

A

MS = 42 E+03 / (2 % 3060) - | = 70 o

ubend B

Checking for vield, )
MS = 35 E+03 / (1 25 ¢ 300) - 1 = 93 N

ybend N

-‘\

"\

L
\
N,
l"

.

280 psi
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The tlange geometery for tension fai1lure 13

The rlt:imat: ::rangth for ‘ension tear Jut ;s
PTJ - ﬂ;"u * '\:
Wwhere At = 2.98 :nch * 0.2 1nch =  4l» zn:
Pu = 42 E+03 ¥ 0.416 = 1 .7E+03 1b
The maximum shear load was 16.1 1b, thus
MS = 1. 7E+03 /7 (2 ¥ 1l6.1) - 1 = S41.

utear

Checking for vield by using as safety factor of 1.2§,

MS = 35 E+03 x 0.416 / (1 25 « l6.1) - 1
ytear

~J
18]
(3%

The geometrvy for shear tear out 1is

sl ezous
A =2 &« (0. 15 % Q.2) = 0 06 1n"
2
Then MS = 27 E+03 % 0.06 / (2 % 16 1) - 1 = 49
shear

Checking for the bearing strength:
e/D = 0 15 / 0. 14 = 1 07
D/t = 0.14 7/ 0.2 = 0 85
yield a kbru = 0.9

A = D t =014 x 0 2 = 23 E-d2 1n°
br

N - ... » '.'-.'- ’ B “v . ~
(SRR W AL ST W LR VS I P T PN L o

J"'_'l.' f((rrr(fwu. "
o RN ~¢ Ny ~ \,\fuf\{

-‘J".f g

Cemge et

x

PORARRAS

A

LR
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= 13 LI A
Then pbru kbru GT- Abru g
= 0 9 % 4. E+03 & 2.3 E-0Z = 1058 E
r
MS = 1058 / (2 « 16 1) - 1 = 32
bru »
’,
Margin of safety summary. upper deck assembly flange ;
et
LOAD BENDING STREZS TENSION TEAR SHEAR BEAR NG #
CASE TENS YIELD TENS YIELD QUT ME
[
1 70 R Sd2 722 49 32 :
Id
Fh;
2 149 198 688 218 63 41 Y
3 68 ot 2804 2740 2gz 1672 F
4 190 253 1966 2622 121 118

LA %N 5

5.11 Synthesizer mounting

The synthesizer consists of two smell bri:cks. the upper dec
to the larger whose weight is 1 1b Fach svnthesizer is 3tta
the synthesizer adapter plate with fi1ve 4-40 screws

v
A

[S I
[41]

t

o
o W
XA

t
h

e It
.« _f_4&

“
Famwax s
0,315 X
t FSY .
L)
4‘ ! ™
T )
T ” i Eﬂ :
3.5 )
Lo ¥
L Pl —17 =
\r
7{&(4 '/«{4— :..r
7N\ YN -J:
A
The X-axis and Z-ax1s accelerations on the mass 9of the svnthesiczer -
combine with the moments produced bv F*mar and F:? transierred )
from the upper deck to produce the meximum tens13fi in bolt A o
hS:
" A Tantx 2
. ) RS
wike St—F By
35" -l ' - -
4 r uﬂ')q; )
) - ! »
T W/ Fa -
' '\‘
. Y
's co' b
R
RS
FA X (4 475+2 73542 735/4 475+2 235k2 225/%1 3475+0 9BS40 9BS, 31 47S) >
= F x50+ F__ %315 + 1 1b % 2G £ 18 « 1 lb & X6 * 1 53 -
zmax S5X o
i
y
bt
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2n 1788 Page
FA ¥ 7?38 = 1S 2 € S ) 4+ 1Hh & 3 1S o+ T T ok L . 3T L0 T
FA = 243 4 / (7 48) = 32 5 1b

Add:itional loading 1s prcoduced by Y-axi1s acceleration

[{g

3‘15' ~—L’ WfVG-

Fg
S ¢« F £ Q9 3°% 7 2 = T LS + L 't ¥ YG £-1 S
B Iy

FB = (1 7 « 3 1S + 2.7 « 1 ¢8 J 2T O« 5 = T ¢ 1t
The maximum tension load is

FAB = 22 5 + S.4 = 37 9 1b
Part of this external interface load in taken by the flange. The
synthesizer is attached to the adapter plate with 4-40 flat head
SCrews . The geometery of the flange is not considered in reference
2.5 The calculation of the effective flange area performed using the

diameter of the flat head.

A =PI ®x (D¢ -0D.2) /4

) w h
2 2
= 3. 14 x (0.225" - 0.1127) [/ 4
= 0 03 1n2

The fraction of the external interface load taken by the adapter plate
1s

FRAC = 17—+ ¢ + A X E

B B )]
0. .03 * 1 E+072
0.00604 % 2 91 E+07 + 0.03 * 1 E+07

= 0 63
The 4-40 bolts used to attach the upper deck are type 316 stainless
stee]l for which

o3 * 37 .5 E+03

Ur = 75 E+03
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The ultimate bolt strength 1s then

[}
1]

P

75 E+03 % 0 00604
tu

453 1b

P

. 37 5 E+03 % 0.00604 = 2206 1D

i

The expected tightening torque is 3 to 4 in-1b. Thus for minimum
frr2ticen (u =0 0734) and maximum torque (for these smell scraws the
“nut tactors' are very approximate !

r = 7 £ 3 = 2
F ez -pRE 1 4 34 lb
For an average friction wvalue of u = 0 1,
? x 4 = 23
Favapre © ° 236 b

and ¢tor the maximum {friction value and minimum torque,

= 7T 4 3 = :
FmJnPRE 4 141 1b
This minimum preload will be reduced an additional 20 % for the
gapping analvsis which will follow.

The margin 2f safety can then be calculated using a satety tacior of
two on the external interface load.

MSt = (453)/(2 % (1~-0.62) % 37 9 + 284) - 1 = 0. 4°5
Using an average value for the coefficent of friction, and a safety
factor of 1.4 on the resulting pretension.

MSt = (453)/(2 % (1-0.63) * 37.9 + 1.4 %x 236) - 1 = 9 26
Gapping of the joint under minimum mounting torque and maximum torque
friction must be considered. After the 20 % relazation from the
initial preload, a preload of 0.8 x 141 = 113 1b. If the adapter
plate fraction of the extermnal load were to exceed this minimum
preload, gapping would occur.

Msgap = 113 / (2 ¥ 0.63 % 37.9) - 1 = 1.4,

The shear loading comes from the X-aris and Y-axis acceleratisn and
the mcment from the upp=2r deck.

F = (W ¥ X6 + F__) / 5 bolts
SYNX svyn sx

= (1.0 % 37.1 + 16) / 5 = 10.6 1b

F = W x YG / S + F X 5 /(7.48)
syny syns Sy
= 1 %x 40 /5 + 1.73 « 35 / 7 48 =2 0 1b
2 2 1/2
= } = 10 3 1ib
and stv ((Fsvnx) + (Fsvnv
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To avoi1d slipping between the 3idapr=2r ind the FED baszeplats the 3
maximum posslible shear torce :s5 calculated uysing a8 triction value ot i
0. 15 between the members ind the rel:xed minimum bclt prelsed -
’
. 4
F = 0 15 « 112 1b = 1 Ib
fric
Thus MS = 17 / (2 &« {0 3) - 1 = -3 22 ;
slip {
Since the nolding fr:ction 1s not szut:icient, the mounting beolts must :
absorb the shear load !
(]
MSS = (37 SE+0C % ) 00204 VR S O - 1 = 3 3
P
Since these mounting bolts =uysrtain 2cth tensian and shear. the 2:1tec! )
ot both stress are combined throwugh :-3l:zulzt:ion >t the orr2spond:ing
"factor of limit load capabilities” which are then combined
FLCf = MEZ, + 1 = 9 4E + I = 1 4E
1
and FLC = MS + 1 =2 5 + L = 10 =
> =1
1
Then FLC = - = 1.44
comb 4,y 45)% 4 (1710 512117 '
Since these attachment bolts are not near the esdge of the adapter g
plate, flange tension tear out and z=h2ar tear o2ut need not b= checked :
Checking for the bearing strength: K
e/D = 0.767 / 0 112 = o 8
D/t = 0.112 / 9.15 = 0 75 h
"
vield a kbru > 3 :
Abr =D x t = (0.112 *x 0.15 = 1.7 E-02 in2
= b 4 b -
Then Pbru kbru aT Abru -
»
= 3 x 42 E+03 x 1.7 E-02 = 2117 :
.
MS = 2117 / (2 % 10 8) - 1 = 98
bru
Margin of safety summary, synthesizer mounting bolts
LOAD SYNTHESZIZER BOLTSE ME GAP MS ME ME MS .
CASE 2 0 SF 2.0 & 1 4 SLIP SHEAR COMB BEARING -
1 0.45 0. 26 1 4 -0 22 9 5 0 44 98 oy
2 0.41 0 23 08 -0 40 70 0139 75 ]
.
3 0 45 0 26 14 225 425 0 45 410 h
4 0 54 0 33 S0 1.73 35 6 0 52 345

oA LRt ;r'#;¢:a‘Jﬁftf'fﬁr;ffr:f'fjf‘r:*‘r;f:;’a;f'f; ;r;);w;¢ Y f;r:.' & *$\I‘I\f\f\¢\f\f~f J\f,
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S 12 Svnthesi1zer subassemblv adapter plate mount:ing

The svnthesizer subassembly 1s fastened to the FLZ baseplatz ‘nrough
an adapter plate so that 1t can be removed trom the top wlthout
accessing any screw heads on the underneath side 2t the FER basepiatea
The total weirght of the suybassembly 1z 13 lb Twelve 10-3 type
AZ86, stainless steel screws attach the subassembivy to the baseplate

. 17

-
-

x i e
‘ o ié Joy
2.93 ' \
" :{\L ‘(._L 'y "—S_’L ,/
r ] i,
a3 | 2 1 )
. [ B *
. lo X
‘ <05’
| _”
o« 1,135
¥ i
The CG 15 directly overteop the center o:f the screws Z-3x158

acceleration produces tension only.

F

W X 2G / 12 bolts
2z synsub

18 x 2.7 / 12 = 4. 05 1D

X-axis acceleration produces a moment of

M

W ¥ XG % 2.5Z inch
ox synsub

18 x 37.1 % 2. 52 = 1681 in-1b

2.52" —3 A
. 51
| P NFZX f\'fi "'/

’7,/25”-){ "?}" 2y
13

This is countered by

F =M /(6 % (7,125 + (0 S/7 125) x 3 5 )y = 39 1
X OX

The Y-axi1s acceleration also produces a moment,

M = W x YG x 2 52 1nch
oY synsub

= 18 * 4 x 2.52 = 181 1n-1b
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which 1s countered by
F = Mov/(q x 02 42 + 1 S7?7/2 43 ¢ 1 S?7T + 0 437 42 « 9 439

12 9% 1b

]

The max:mum tens

[
—
(47
b
(o]
[}
Q
o
w
P
T
@
8]

F = F + F + F
me X X zv zz
= 39 1 + 12 2 + 4 0 = 5S¢ b
Part 5f{ this 2amterna! interface2 lcad in tzken by the flange The
j2comet2ry >r the :slange 1s Iloced Ytooige Lot e ran:es [ Ths
calculation ot the efi2ctive tlange ar=a :3
A- = PI * (D - - Dh°J /4 R
+ Pl + "D oy/p M- v kDKL sT . L Si100y /03
] W ‘W ]
z 2
= 2.1% % (0 3787 - 3 &%) / 4 .
+ 3.14%(0.75/0.375 - .1)%(0.37% ¥ 0.15/5 + 0.15°/7100) 8

-

= 0.07 in“

The fraction of the axternal interface load taken by the adapter plata

1s

FRAC

_ .07 % 1 ®+07 - 0 54
B 0.02  2.91 E+Q07 + 0 07 *x 1 E+07 R

A joint diagram will thus show that 0.54 o5f the extarnal interface
force is taken by the tlange and 0.46 of the intertface force is taken
by the bolt which adds to the preload of the bolt to produce the
maximum bolt stress.

The expected tightening torque is 30 to 34 in-1b. Thus for minimum
friction (u =0 0784) and maxzximum torque (using the "“nut factors" {from

-

reference 2 o)

= ¥ 3 = <
FmaxPRE 44 4 34 110 1b
For an average friction value of u = 0 1,
5 3 =
FaquRE 3o 5 34 1241 b

and for the maximum friction value and minimum torgue,

~ % -
menPRE 28 8 30 864 1b

This minimum preload will be reduced an adZ:tional 20 % f{or the
gapping analysis which will follow
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v
The marqin of safety can then be :zal-ulated 509 3 a1t oo n -y ¥
two on the external i1ntertace load. jﬂ
Pd
MS, = 12800'/(2 ® (1-0 542 ® S « 1510V - f = J 79 et
Using an average value {for the coefficent of fr:ction ind 1 zatety !
tactor ot 1. 4 on the resulting pretension -9
MSt = (2800)/12 *® (1-9. .54y % S + 1 3 1231 - ¢ = 2 =7 ;
"
by
Garping of the joint uynder minimum mounting tcorque ind Mman:mum *oroaue g
fricticn must bte :considerad Atter the 20 ™ relzzation <rim -hs2 ,
tn:trxl prelzad. 3 preload of ) 2 o« a2 oD 'hH T s LiLiatay -
: tracticn ot the 2xt2rnil joad wer: o2 C2e3 1D omInimum ”
d gapp1ngy would occur ‘A
[y
S = 6?1 / (2 % Q0. S4 ¥ S5 - 1 = 13 3 N 2
gap ;
The zh=zair [gad:ng ccmes {rc-m th2 ~2m012 and - 3 S oiliEievricoioln .f
n~
F = (W ) {G / L2 beits ~
S5X Synsub o
“
= (18) x 372.1 / 12 = 55 6 1b ™
I
F = (W Y & YG 1l boltz 9
sy 3ynsub A
. ¢
= (18) x 4.0 / 17 = 6 0 !b ‘.
2 20172 ]
and F_ = (¢F YT+ (F YY) = 55 3 1b e
54y SX Sy i
To avoid slipping between the adaptesr and the FEB baceplata, the i
maximum possible shear force 15 calculated using 2 tr:icoicn valide of -
0 15 between the members and the reiaxed minimum bolt preizad ﬁ
F,_. .= 0.15 % 691 1b = 104 1b
fric f
Thus MS . = 104 / (2 %X S5 .9) - 1 = -0.07 o
slip 3
Since the holding friction is not suftficient, the mount:ins bolts must :Q
absorb the shear load. -~
MS_ = (91E+03 * 0 02} / 2 * S5 9) - 1 = 1S5 3 L
2 .
Since these mounting bolts sustz21n both tansion 3nd shezr the affac! -
ot both stress are combined through calculation o2f the zoarrecsponding -
“"tactor of limit load capabilities" wnich are then combinsd. g
FLC, = MS, + 1 = 0.79 + 1 = 179 L
and FLC_ = MS_ + 1 =152 + 1 = 16 3 >
Then FLCcomb = 2 1 172 = 1 78 %
CC1/1 790° + 1715 33°1°°° I
~—
X
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Margin ot safety summary. synthesizer subassembly adapter plate boltz ﬁ:
LOAD BOLT ADAPT{-"-BAZL GAP S5LIP BOLT MS :f
CASE 2 0 SF 2.0 & 1.1 SHEAR COMB E'

W
1 0 79 0 57 11 4 -0 07 153 0 78 Y
o
2z 0 7S J 53 5.6 0 13 17 7 0 74 t;
o
RS c ; - 5 Ny

3 0 < 0 5S4 S 2 3 79 83 1 0 S L
r\ j

i ) 3z D <2 Ol T 2 3» <3 J ) z 2
The adaptrer plate must rthevand the bendiny produc=2d 2on 1ts flansa by ;L
the Y-az1s loading. 73
“nd

[ ]
N
"9

~

'..f
, = ¢35/ = 208 Ao

g

-
X
oy
-
N
M = 0.625 inch x F = 0.625 % S1 = 31.9 in~-1b o~
0 zmas ..
then the stress !.
-
2 e
=  § ’
a;;nd 6 Mo / bt ~
2 w
= 5 £ 31.9 / (2.08 « (0 15)7) -
w
= 4087 psi g“
l:\-
Shear stress is also present, o
— = T
shear Fzmax ! Ashear "y
] . »
= 51 / (2.08 ¥ 0 15) = 163 psi N
, ]
The combined stress 1s then -~
‘_\
= (! )2*3‘( ): 1/2 f‘::.
Chax © “bend shear N
= ((4087)% + 3 x (16105 2 4100 ps: 0.
-\'..
n.“~
The margin of safety is S
.‘ -
= z 2 x - = ~ S
Msubend 4z E+03 7/ ( 4100 1 11 ;,
L d
Checking for vield, X
= 25 € 11020 - 1 = S o
MSybend 35 E+03 / (1 11 1 3 e
|-.‘f
A
’
N

" & v
P s
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. The flange geometervy for tension tailure 13

[ v
§ .
| b=0C25/4 =20g N,
J .
! 3

t=0.1§8

The ultimatz str=2ngth for tsnsion ta2ar -ut

i

L)
' Py = Tru * Ay N
where At = (b - (Dl + D.)/Z)y X }
Y = (2.08 - (0.25 + 0.4)/2) % 0.15 = 0.263 in =~
. P_ = 42 E+03 % 0.263 = 1.1 E+04 1b

u

The maximum shear load was 11.5 1b, thus

T
(-~
w
AR ‘lﬁ‘:‘-‘r':'.'

) MS teap = L-1E*04 / (2 % 35 - 1 = 73

Checking for vield by usina as safety factor of 1.

ME = 2SS E+02 % 0 2562 [/ (1 28 x S0 - 1 =
ytear

The geometry fo5r shear tear out 1is

-

b

17 LY

- S P -

< N
A

)

.

A

bty e

. o 1
s 4 K 2.

i WL N

LT IR

Then M3 = 27 E-03 x Q0 {12 / 2 & Tn, - 1 = 2%
shear )

Zhecking for the bearing strength: “

e/D = 0 375 / 0.25 = 1 5§

D/t = 0.25 / 0 1S = 17

~
T
.
=4
x
'}
.
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-‘ Abr=D*t=OZS!OIS=37SE-021n2
Y -
¢ = X L ;
k Then pbru kbru UT Abru .
= 1 4 % 42 E+Q323 x 3 75 E-0 = 2205 .
] )
MS = 2205 / (2 % Se) - 1 = 19 g
bru &
; Margin of satety summary, synthesiczer adapter plate tlang= y
\J
LOAD BENDING STRESS TENSION TEAR SHEAR BEARING
CASE TENS YIELD TENE YIELD ouT MS
P 1 4 1 S 8 98 131 26 12
N
o 2 2.1 3.2 125 166 33 24 N
X 3 1.8 2.8 S10 530 129 101
& il
. 4 9.5 13.0 357 477 97 70 ¥
t
. ;
P4 .
v .
; .
o o
: :
l. -
a i\
o )
- <
L, Y
v i'
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3 APPENDIX A N

VIBRATION MODE PLOTS
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